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PREFACE 


The citrus industry lias now reached a high state of 
development in both California and Florida. Further- 
more, it is progressing with rapid strides. Old World 
practices and precedents have been largely ignored in 
the development of an industry characteristically Amer- 
ican in spirit and new in methods. The readiness with 
which the growers adopt new and better methods is an 
indication of the virility and youthful vigor of this new 
industry. 

The literature has hardly kept pace with the industry 
and is scattered through a large number of periodicals 
and reports. On this account, it is largely unavailable 
to those who need it most. , The last comprehensive 
work published in California was that of Lelong in 
1902. This quickly ran out of print and for the last 
six years has been rare. 

The present volume represents an attempt to discuss 
underlying principles in such a way as to emphasize 
the importance of certain stable fundamentals upon 
which the rapidly changing superstructure is built. 
It has also been the aim to describe the industry as 
it exists to-day, and bring together in orderly arrange- 
ment all the information available at this time which 
is worth while. 
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Preface 


The author has enjoyed the cooperation and assist- 
ance of many friends. The chapter on History and 
Development has been read and criticised by J. M. 
Guinn of Los Angeles. Professors E. J. Wickson, 
E, B, Babcock, B. A. Etcheverry, W. T. Horne, 
and H. J. Quayle, together with Messrs. W. S. 
Reed and E. 0. Essig, have kindly read and criti- 
cised parts of the manuscript. E. G. Dezell of the 
California Fruit Growers’ Exchange read the chap- 
ter on Marketing. I am indebted to my co-worker, 
I. J. Condit, for contributing parts of the chapters on 
insects and fumigation. For cordial cooperation in 
taking the atmometer records reported on in Chapter 
XII, I am under obligation to W. M. Mertz of the 
Citrus Experiment Station. Some historical and other 
data used in Chapter XIV on ‘‘Frosts and Orchard 
Heating” has been taken from the excellent graduat- 
ing thesis of Carl Nichols. 

For the use of certain illustrations I am indebted as 
follows: to Carl Nichols for Nos. 10, 14, 15, 64, 65, 
and 86; to W. I. Jones for Nos. 57 and 58; to the 
Roeding & Wood Nursery Company for Nos. 110, 
111, & 119 ; to L. H. Moore for Nos. 113 and 120 ; to 
Professor H. S. Fawcett for No. 128; to Professor 
H. J. Quayle for Nos. 139, 141, 142, 143, 144, 145, and 
147 ; and to Professor C. W. Woodworth for No. 151. 

J. ELIOT COIT. 

Berkeley, California, 

February 17, 1915. 
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CITRUS FRUITS 


CHAPTER I 

HISTORY AND DEVELOPMENT OF THE CITRUS 
INDUSTRY IN THE SOUTHWESTERN UNITED 
STATES 

Citrus seeds were first brought into California from 
the peninsula of Lower California, where peoples of Spanish 
descent have cultivated various kinds of European fruit 
trees and vines since the year 1701. In 1768 the Jesuit 
missionaries were supplanted by the Franciscans, some 
of whom under the leadership of Junipero Serra pushed 
northward into the territory which is now the state of 
California. These hardy pioneers founded the first 
mission in Upper California at San Diego in 1769, and 
proceeding northward established a chain of missions 
extending four hundred miles along the coast, the last 
being established at Somoma in 1823. 

At a number of these missions, vineyards and orchards 
were planted. Cuttings of grapes and figs, and seeds of 
oranges, pomegranates, citrons, olives, pears, dates, and 
other fruits were brought from the older missions on the 
peninsula. At several missions the remnants of the old 
orchards may still be seen, partly inclosed by the adobe 
walls which were built to protect the trees from wandering 
herds of cattle. 
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Citrus Fruits 


The San Gabriel Mission near the present city of Los 
Angeles, by reason of the abundance of water and the 
large number of neophytes brought into service, gained 
rapidly in wealth and productiveness. The exact date 
when orange seed were first planted at this mission is not 
known, as the archives of the mission church are lost. It 
is certain, however, that the first California orange orchard 
of any size occurred at San Gabriel, and various writers 
agree that this orchard must have been planted in 1804 
or the following year. This first orchard covered about 
six acres of ground and was composed of about four 
hundred seedling trees, a few of which were still bearing 
in 1885. 

Although this orchard was not planted for financial 
gain, and it is doubtful if any fruit was ever sold from it, 
the success of this pioneer planting established the fact 
that the climate and soil conditions were quite favorable 
to the production of citrus fruits. 

Soon orange trees distributed from the missions began 
to be planted in court-yards and gardens in various 
places, the fruits being either all consumed at home or 
given away to friends. Perhaps the largest number of 
trees in any private garden were the thirty-five trees 
transplanted from San Gabriel about the year 1834 to 
AJiso Street in Los Angeles, by Don Louis Vignes. It 
remained, however, for William Wolfskill, a Kentucky 
trapper of German blood, who had come to Los Angeles 
overland in 1831, to forecast the commercial possibilities 
of this fruit. Wolfskill secured orange trees from the San 
Gabriel Mission in 1841 and planted a two-acre orchard 
in what is now the city of Los Angeles, on the spot now 
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occupied by the Arcade passenger station of the Southern 
Pacific Railroad. The fruit from this orchard sold to 
such advantage that it was increased in size to about 
twenty-eight and finally to seventy acres. It is said that 
Wolfskin was the first to ship a full car of oranges to 
Eastern markets. They were sent to St. Louis in 1877 
and arrived in good condition after having been a month 
in transit. The freight charge is said to have been $500. 
The last crop disposed of in his lifetime sold on the trees 
for $25,000. 

The success of the Wolf skill orchard stimulated others, 
and in 1853 Matthew Keller secured orange seeds from 
Central America and also from Hawaii. From these he 
raised young trees with which he planted an orchard 
opposite that of Wolfskill. In 1857 L. Van Leuven planted 
orange trees at Old San Bernardino, and in the same 
year L. F. Cram planted a small orchard at Highlands. 
Myron H. Crafts planted two hundred orange trees at 
Crafton in 1865. 

In September, 1870, J. W. North of Knoxville, Ten- 
nessee, bought four thousand acres of desert land which 
is now occupied by the city of Riverside. Judge North 
carried on an advertising campaign in the Eastern states 
to attract colonists to this land. Settlers began to arrive 
the following winter, and in the spring of 1871 the first 
orange seeds were planted. 

This means of settling the country was used in various 
parts of California. Pasadena was first known as the 
Indiana Colony, the lands* being purchased in 1873, 
distributed in 1874, and orange orchards planted as soon 
as the ground was leveled and irrigation water provided. 
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Frank A. Kimball planted orange and lemon trees at 
National City in San Diego County about 1870. 

A large proportion of the trees planted at this time were 
purchased from the nursery of T. A. Garey in Los Angeles 
(Fig. 1). Garey imported a large number of varieties 

from various places 
during the years 1868 
to 1875. He is said 
to have received 
shipments of trees 
from Australia, 
southern Europe, and 
Florida, as well as 
from the nurseries of 
Ellwanger and Barry 
of Rochester, N. Y., 
and Sir Thomas 
Rivers of Sawbridge- 
worth, England. 

The fruit from 
these primitive or- 
chards was either 
consumed in the 
neighborhood of its 
production or hauled 
to Los Angeles and there shipped to northern ports by 
water. Southern California still lacked railroad connec- 
tion with the Eastern markets and there was no incentive 
to grow more oranges than sufficed for local consumption. 

Orange trees were first planted in the central and 
northern part of California in the early sixties. The first 


Fig. 1. • 


• Thomas A. Garey, a pioneer 
citrus nurseryman. 



History and Development of the Citrus Industry 5 

planting of which we have record was at Bidwell in Butte 
County in 1859. In a great many cases these early 
plantings proved successful, and it was soon apparent 
that areas of greater or less extent, suitable for the 
growth of citrus fruits, existed in many scattered locations 
all the way from San Diego in the south to Shasta County 
in the north. 

The commercial development of citrus culture may be 
said to have begun with the completion of the Southern 
Pacific Railroad’s connections with the East. The Valley 
line was completed in 1876 and the Southern line to New 
Orleans in 1881. The exhibition of the first fruits of the 
Washington Navel orange at Riverside gave another 
impetus to citrus planting, but the greatest development 
came with the completion of the Santa Fe’s competing 
line of railroad, which was opened up about 1885. The 
first special train loaded exclusively with oranges left the 
River Station, Los Angeles, February 14, 1886, for the 
East via the Southern Pacific and Union Pacific Rail- 
roads. 

In February ,1879, what was probably the first of a series 
of annual citrus fairs was held at Riverside. The differ- 
ent citrus-growing communities of southern California 
took great interest in these fairs, and the prizes together 
with the prestige which they carried were vigorously 
competed for. It was at these early citrus fairs that the 
great superiority of the Washington Navel orange, the 
history of which is given on another page, became appar- 
ent. The climate and soil conditions in California proved 
eminently suited to this variety of orange, which here at- 
tained a perfection truly marvelous. The strong demand 
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• for these oranges in the Eastern markets and the high 
prices received by some brought on a period of frenzied 
planting and speculation. A great deal of worthless nurs- 
ery stock, quickly and cheaply grown on Chinese lemon 
roots, was planted, and many orchards were set out on 
lands more or less unsuited to citrus culture. This wave 
of rapid expansion culminated in 1885-86, when drouth, 
frosts, scale insects, and the lack of a coherent marketing 
organization conspired to rudely awaken from their 
golden dreams many who had rushed into the business with 
insufficient knowledge and capital to weather a period of 
depression. 

In 1884, at the Cotton Exposition held in New Orleans, 
the twenty varieties of oranges grown and exhibited by 
Riverside took first premium in competition with the 
world. This fact was heralded far and wide and proved 
of great value in advertising the California citrus business 
in general and Riverside in particular. 

In the early days of the industry there was no adequate 
horticultural inspection or quarantine service, and as a 
consequence a number of kinds of very destructive scale 
insect pests were introduced on nursery stock imported 
from various parts of the world. In this way the cottony 
cushion scale (Icerya purchasi) was introduced from 
Australia in 1868. In twenty years this scale spread 
throughout the orchards of Los Angeles County. So 
serious was this pest that the industry, in Los Angeles 
County at least, was on the verge of extinction. 

In the spring of 1888 Albert Koebele was sent to Aus- 
tralia by the U. S. Department of Agriculture to study 
the cottony cushion scale in its native land. The follow- 
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ing year Koebele succeeded in introducing the Novius 
cardinalisy a small predaceous ladybird beetle, which at 
once attacked the scale and preyed upon it to such an 
extent that it was checked in its spread, and in many 
localities it was almost exterminated. As a consequence, 
in 1891, the shipments from Los Angeles County suddenly 
increased from 781 to 2212 cars, a net gain of 1431 cars, 
due, at least in large part, to the good work of the 
ladybird. Since the introduction of this predaceous 
beetle the white scale has been held in check and is not 
now feared by citrus growers. 

The fight with the cottony cushion scale had hardly 
been won, however, when other difficulties appeared. Al- 
though the orchards produced large crops it became more 
and more diflScult to successfully market the fruit. The 
season of 1892-93 was particularly disastrous as far as 
net returns were concerned. The growers were not 
organized, and as long as each grower attempted to market 
his own fruit he became an easy prey to the miscellaneous 
assortment of commission men, agents, and speculators 
who at that time infested the markets and who in many 
cases, it is said, secured secret rebates from the railroads. 
In Riverside and in all the older sections, where there was 
any quantity of fruit to ship, account sales in “red ink^^ 
were received without number, and it frequently happened 
that the larger crop a grower had, the more he was in- 
debted to his packer at the end of the season. As a result 
of these failures to successfully market large crops, a few 
of the growers began to associate themselves together for 
mutual protection and to provide better packing facilities. 
Stimulated by the success of some of these associations in 
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gaining concessions from the railroads and in many other 
ways securing better returns for their members, a large 
percentage of the growers assembled at the Chamber of 
Commerce in Los Angeles on April 4th, 1893, the declared 
purpose of the meeting being : To provide for the mar- 
keting of all the citrus fruit at the lowest possible cost 
under uniform methods, and in a manner to secure to 
each grower the certain marketing of his fruit and the 
full average price to be obtained in the market for the 
entire season.^’ At this meeting a cooperative packing 
and marketing organization was formed, which, while 
not entirely satisfactory, was a great improvement over 
the old methods and served to prepare the way for the 
Southern California Fruit Exchange, which was organized 
October 21, 1895. At first the Exchange handled about 
32 per cent of the total shipments, but the proportion 
of the crop handled has gradually increased till at the 
present time the Exchange ships about 62 per cent of the 
total crop. 

On March 27, 1905, the California Fruit Growers’ 
Exchange was incorporated, and on September 1, follow- 
ing, succeeded to the business of the Southern California 
Fruit Exchange, this change in name being deemed 
advisable in order that the marketing organization itself 
might in name as well as in fact become general through- 
out the state rather than remain local to southern Cali- 
fornia. The Exchange is now an association of three groups 
or classes of organizations : the one hundred and fifteen 
local associations ; the seventeen district exchanges ; 
and the central exchange. For a detailed description 
of this rather complex organization see pages 345 to 353. 
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California Citrus Shipments 


Season 

Carloads 

Season 

Carloads 

Season 

Carloads 

1890-91 

4016 

1898-99 

10875 

1906-07 

29820 

1891-92 

4400 

1899-00 

18400 

1907-08 

32729 

1892-93 

5871 

1900-01 

24900 

1908-09 

40592 

1893-94 

5022 

1901-02 

19180 

1909-10 

32648 

1894-95 

7575 

1902-03 

23871 

1910-11 

46394 

1895-96 

6915 

1903-04 

29399 

1911-12 

40673 

1896-97 

7350 

1904-05 

31422 

1912-13 

18960 

1897-98 

15400 

1905-06 

27610 

1913-14 

48548 


Not the least important factor in building up the citrus 
industry has been the protective duties imposed upon 
citrus imports by the Congress of the United States. Such 
protective duties have prevailed since July 4, 1789, when 
a general tariff bill was passed which included a 5 per cent 
ad valorem duty on all citrus fruits. Since that time the 
duty has been gradually, though not uniformly, increased 
by the enactment at different times of nineteen changes 
in the law. By the Underwood-Simmons tariff act, effective 
October 4, 1913, the duty is one-half cent per pound on 
oranges, lemons, pomelos, and limes. Orange peel or 
lemon peel, preserved, candied, or dried, one cent per 
pound ; citron or citron peel, preserved, candied, or dried, 
two cents per pound. Citric acid, five cents per pound. 
Citrate of lime, one cent per pound. Orange and lemon 
oil, ten per cent ad valorem. Bergamot, neroli, or 
orange flower oil, twenty per cent ad valorem. The 
free list includes fruits in brine; lemon, lime, and sour 
orange juice containing not more than two per cent of 
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alcohol ; and orange and lemon peel not preserved, can- 
died, or dried. 

California citrus culture, among all horticultural in- 
dustries, is peculiar in that the people who have built 
it up have been, in many cases, retired business men or 
professional men from the New England and Central 
states. Persons who have lost their health in the process 
of gaining wealth have bought and developed citrus 
properties, the management of which, by requiring a life 
in the open sunshine and dry air, has resulted in renewed 
health and steadied nerves. These people brought to 
the industry much needed capital, commercial habits, 
and business ability. Citrus culture appeals to people 
of intelligence and refinement, and such are being drawn 
from many occupations. Now since the automobile 
has come into such general use, the wealthy business man 
of the city builds a residence in his orange orchard in the 
suburbs, while along the interurban electric lines may be 
found the small orchards of the superannuated minister, 
the retired high school teacher, the lawyer, the doctor, 
as well as of those drawn from other walks of life. 

The result of this has been the development of an in- 
dustry characteristically American in spirit and new in 
methods. The sons and grandsons of pioneers from the 
West and middle West have little regard for the precedents 
and practices of the Old World citrus-producing regions. 
European methods are practically ignored in systems of 
cultivation, irrigation, and pruning. In their readiness 
to organize among themselves along business lines and 
work together for the better picking, packing, and mar- 
keting of the fruit, the California citrus growers are 
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probably in advance of any other class of fruit growers 
on earth. 

The citrus industry has also been greatly benefited by 
various government agencies, whose endeavor has been to 
increase knowledge through scientific investigations and 
disseminate this new information through free lectures 
and pamphlets, by experiment farms, and by operating 
for months at a time free demonstration trains on the 
railroads. There have been three principal agencies 
engaged in this work : the University of California Agri- 
cultural Experiment Station, the United States Depart- 
ment of Agriculture, and the State Horticultural Com- 
mission. The university work may be said to have begun 
with the analyses of oranges and lemons in 1885 and con- 
tinued to date, covering a multitude of problems affecting 
the industry. The university conducts a special corre- 
spondence course on citrus fruits for the benefit of growers 
everywhere. The agents of the Department of Agricul- 
ture have rendered valuable service to the industry in 
many ways. The State Commission of Horticulture has 
done much good work in preventing the entrance into the 
state of new pests and checking the spread of pests al- 
ready introduced. It has distributed many valuable 
publications, the one prepared by Lelong ^ in 1902 being 
of special value to the industry. 

A large number of strong, loyal agricultural and horti- 
cultural periodicals throughout the -state have broad- 
casted useful information and fanned the flame of popular 
interest. 

Still another upbuilding agency has been the Chambers 

^ B. M. Lelong, “Culture of the Citrus in California,” 1902 . 
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of Commerce in the various towns and cities. By main- 
taining interesting and attractive exhibits with free stereop- 
ticon lectures for visitors and tourists, and by preparing 
large exhibits for distant expositions, they have done a 
great deal to advertise the industry. 

Citrus culture in California will always be a popular 

occupation be- 
cause it appeals 
to a man from 
so many sides. 
It appeals to 
his love of the 
beautiful ; beck- 
ons him to health- 
ful outdoor life; 
stimulates that 
inborn desire in 
man to make 
things grow; sat- 
isfies his appetite, 
and last, but by 
no means least, 
it tempts him 
with offers of large 
financial rewards. Successful citrus culture calls for a 
combination of the science and the art of horticulture ; 
requiring both skill and industry, it gives healthful occu- 
pation to the mind as well as the body. While a good 
many seedling orchards still persist in the older sections, 
they are gradually yielding (Fig. 2) to the activities of 
the woodchopper. 


Fig. 2.- 


-The passing of the old seedling 
orange groves. 
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HISTORY OF THE WASHINGTON NAVEL OR BAHIA ORANGE 

The earliest illustrated description of a Navel orange 
on record was published in Rome by a monk of the Society 
of Jesus, John Baptiste Ferrarius, in 1646, in one of four 
books called “The Hesperides or About the Golden Apples, 
Their Culture and Use/’ The picture reproduced on page 
52 of Lelong’s “Culture of the Citrus in California,” 
from John Johnson’s book, will be seen on close comparison 
to be an artful copy from Ferrarius. This was certainly 
not the Washington Navel as we have it to-day, but 
merely one of the many Navel forms which have ap- 
peared from time to time. It is not unlikely that still 
other kinds of Navels will appear in the future. 

Orange trees were taken to Brazil by the Spaniards 
at a very early day and were more or less widely planted 
in those parts of the country best suited to their culture. 
Some time about the year 1820 or possibly earlier there 
appeared near the village of Bahia a form of Navel orange 
which was remarkable for its many good qualities. This 
was what we now know as the Washington Navel. It was 
hastily propagated and planted to a considerable extent. 
Specimens were sent to London and the form became 
known abroad under the name Bahia, after the village where 
it originated. At Bahia it was called simply Lavanja de 
XJmbigoJ^ 

Circumstantial evidence from several directions all 
points to the probability that from the very beginning 
one characteristic of this Navel orange was to produce 
occasional branches which bore fruit differing from that 
of the rest of the tree. In this way a modified form came 
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into existence, the fruit of which was scant in amount, 
large in size, with a coarse exterior, and interior full of 
rag. Unwittingly this form was propagated along with 
the true Bahia. After years of experience the best Brazil- 
ian growers became aware of this sporting habit and 
were careful to select buds for propagation from the best 
type only. The peasants, however, did not comprehend 
the situation, and as the demand increased, continued to 
cut bud wood indiscriminately. On account of the pub- 
licity given the fruit sent to London, a trade in nursery 
trees sprang up. Agents from Rio de Janeiro w’ent to 
Bahia and secured what was available, including both 
the prototype and the false type. Thus it is natural to 
suppose that the stock on the Rio de Janeiro market 
must have consisted of some lots of Bahia, some of false 
Bahia, and some mixed lots. 

There is a tradition that this Bahia Navel was intro- 
duced into Plorida some time previous to 1835, but that 
the trees were killed in the freeze of that year. It is said 
that the Bahia Navel was introduced into Cape Colony, 
South Africa, by a Mr. Brehm of Uitenhage about 1840. 
The subsequent record of these trees shows that Brehm^s 
importation consisted entirely of the false form. On this 
account the Bahia was held in ill repute in South Africa, 
until between 1894 and 1900, when a number of importa- 
tions of the true Bahia were made direct from California. 
The fruit of these has been found equal in every respect 
to the best California product, and most of the old orchards 
have now been budded over. 

From Brazil the Sweet orange was first introduced into 
New South Wales, Australia, by Captain Hunter, who ac- 
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companied Gen. Arthur Phillip at the founding of the 
colony in 1788. 

Orange growers in Australia early introduced the Bahia 
Navel direct from Brazil. One writer in 1858 states 
that Navel oranges were for sale in Australian markets, 
and that they brought a much higher price than other 
varieties. I have been unable to discover the exact date 
of introduction, but oranges were exported in considerable 
amounts from New South Wales in 1860, and it is perhaps 
safe to assume that at least a part of these were Bahias, 
since a writer in the Victorian Farmer s Journal in 1862 
states that on account of the high prices received, the 
Bahia Naveh^ was largely grown. From these state- 
ments it would seem that the date of the introduction of 
the Navel into Australia should be given as not later than 
1850. Australian writers are not unanimous in praise of 
the Navel and this indicates that both the true and the 
false form existed there as early as 1860. We may con- 
clude, therefore, that this orange was grown commercially 
and was marketed under the name of Bahia or Navel 
orange as early as 1860. 

S. B. Parsons, a nurseryman of Flushing, Long Island, 
owned a small nursery at Blue Spring, Florida. Wishing 
to secure this Bahia Navel for propagation and sale, he 
ordered trees in 1868 from Thomas Rivers, a large nurs- 
eryman of Sawbridgeworth, England, who had received 
his stock from the Azores, to which place they were said 
to have been brought from Brazil. (In all probability 
they were not.) This orange proved not to be the Bahia 
Navel, and has since been known as the Parsons Navel. 
Thomas Rivers also sold some of the same lot of trees to 
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A. B. Chapman of San Gabriel, California, in 1870 or 1871. 

Some of these were propagated and sold by Mr. Chapman | 

as the Rivers Navel. 

Thomas A. Garey, a well-known California nurseryman 
and author of a book on orange culture/ established a 
citrus nursery in Los Angeles in 1865. Some of his asso- 
ciates now living inform me that he imported citrus seeds 
and trees from Australia, Mexico, Central America, and 
southern Europe. He is said to have secured the Navel 
in 1870, and it is an open-question as to where he got it, 1; 

with the probability strongly in favor of Australia. I 1 

have a copy of his catalogue dated 1876, in which he lists | - 

it as “Bahia Navel, but cautions his customers against 
its shy bearing. Some persons who bought trees from » 

him at that time condemn them as worthless, while others 
claim that they were identical with the Washington Navel. 

Garey must certainly have secured at least a preponder- 
ance of the false type of Navel. In 1873 J. C. Wallace \ 

of Los Angeles imported four Navel trees from Australia, 
all of which proved to be the false form and have been 
budded over. From this time this false form of Bahia | 

Navel became known in California as the “Australian f 

NaveF^ to distinguish it from the true Bahia. The 
Parsons Navel trees distributed by A. B. Chapman under » 

the name of Rivers Navel also came to be known as 
Australians. In fact, any forms which differed from the 
true Bahia of the ^^Tibbet^’ tree type were very likely to 
be called Australians, and on account of this name they 
were supposed by many to have originated in Australia. 

^ Orange Culture in California,” by T. A. Garey, San Fran- ; 

ciseo, 1882. 
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I can j&nd no evidence whatever in support of the state- 
ment made by Lelong in 1888 that ''The Australian Navel 
was introduced by Louis Wolfskill in 1874/’ The success- 
ful importation of the true Bahia took place as follows : 

In 1870 William Saunders, then in charge of the govern- 
ment propagating grounds at Washington, D. C., through 
the assistance of a lady missionary stationed at Bahia, 
Brazil, had twelve trees of the Bahia Navel orange propa- 
gated and sent to Washington in tubs. All twelve of these 
were true Bahia, and after being placed in the greenhouse 
at Washington were used indiscriminately as a source of 
buds from which were propagated a number of trees for 
distribution, many of which were later sent to Florida and 
California. All twelve of these original trees for some 
reason passed out of existence. The first lot propagated 
was distributed to California and Florida, and one tree 
from this lot was planted in the orange house at Washing- 
ton, where it still remains. The common idea that this 
tree in Washington is the original tree imported is wrong. 
It was propagated from one of the original twelve. 

The active settlement of Riverside, California, began 
about 1870, and was extensively advertised in the East 
by J udge North, the founder of the Colony. Among other 
settlers attracted were Luther C. Tibbet and wife. Early in 
1873 Mrs. Tibbet (Fig.3) was in Washington just previous 
to starting to her new home at Riverside, California. While 
visiting the government propagating gardens, Mr. 
Saunders offered to give her some trees of this Bahia 
orange and she gladly accepted two trees, which she carried 
to California, where she and her husband planted them 
beside their cottage in Riverside on land which they had 
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homesteaded. According to present street nomenclature 
the spot formerly occupied by the Tibbet cottage is on 
Central Avenue near Palm Avenue. The fruit from these 
trees first attracted attention at a private meeting of 

fruit growers in the 
winter of 1S77-88, at 
which time the Navel 
trees sold by Thomas 
A. Garey had been in 
bearing several years. 
In February, 1879, 
the Southern Cali- 
fornia Horticultural 
Society (J. De Barth 
Shorb, President, and 
L. M.IIolt, Secretary) 
held a citrus fair at 
Riverside. At this 
fair Mr. T. D. Cover 
exhibited fruit from 
the Tibbet trees and 
was awarded first 
prize over other 
Navels exhibited 
from Orange County, 
which came from 
trees imported from Australia by Mr. Garey. The 
difference between the two forms was recognized by ex- 
pert fruit growers; the Tibbet oranges being called 
Washington Navels because Mrs. Tibbet, probably for- 
getting the name Bahia,’’ always said in answer to in- 


Fig. 3. — Mrs. L. C. Tibbet, who first 
brought the true Navel orange to Cali- 
fornia. 
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quiries that the trees came from Washington. All other 
kinds of Navels were called Australians because it was 
supposed that they all came from Australia. 

A. S. White of Riverside writing in the Riverside Press 
and Horticulturist under date of June 26, 1880, says, — 
^'It (Washington Navel) was first exhibited at the River- 
side Citrus Fair last year (1879), where it attracted great 
attention, its appearance being so unlike the other Navels 
on exhibition, which were from the stock imported into 
California from Australia. The marked points of difter- 
ence between the two Navel oranges lie in their external 
appearance. Instead of being like the Australian, ribbed 
lengthwise, it is smooth and more globular. The skin 
is of a finer texture, has more of a satin-like appearance, 
and shows a much higher color, being of a bronzy-gold 
tint.’’ 

An editorial (presumably by L. M. Holt) in Riverside 
Press and Horticulturist, in 1883, says: ''We have but 
two varieties as yet of the so-called Navel orange. The 
first was introduced into California from Australia. 
Both varieties, the Washington and Australian Navels, 
are now being grown quite extensively though the trees 
are young yet, and I must confess it is at times a puzzle 
to distinguish one from the other, under test conditions, 
and I believe I am not alone in this position.” 

After studying a number of the discussions in the early 
literature, the writer is of the opinion that since both the 
true and false form of Bahia orange existed in Australia, 
that T. A. Garey’s original importation in 1870 was mixed 
and that at least some trees sold by him were the true 
Bahia. How else can we account for the fact that cer- 
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tain reputable and apparently experienced men insisted 
for years that some of the trees sold by Garey bore fruit 
identical with that of the Tibbet trees at Riverside. If 
this is true, then the Tibbet trees were not the first genu- 
ine Bahia Navels to reach California. It is a fact beyond 
dispute, however, that the Tibbet trees are the ones 
which attracted attention and were undoubtedly the 
direct cause of the great boom in the orange growing 
business which began in the early 80’s. 

Giving Mrs. Tibbet two trees, Mr. Saunders sent several 
trees to Florida and some to California. Alexander Craw, 
then foreman for J. M. Asher, a nurseryman of San 
Diego, is said to have received two of these trees. It 
might be argued that Mr. Garey secured his stock of Bahia 
from Craw or even from Mr. Saunders at Washington. 
This is barely possible, but in view of the shortness of 
time thus allowed to work up the stock, and the letters 
of his contemporaries stating the contrary, it is hardly 
probable. 

For two or three years after the Tibbet trees began to 
be propagated in Riverside this orange was known as the 
Washington Navel. In 1883, however, a determined 
effort by the people of Riverside was made to change the 
name to Riverside Navel in order (according to L. M. Holt 
in Ontario Fruit Grower, May 16, 1883) that Riverside, 
the town where this variety happened to be first tested, 
might get the benefit of the advertising which would 
follow the use of this name. O. H. Conger of Pasadena 
and others vigorously opposed this to such good purpose 
that the name Riverside Navel became a synonym. 

Luther C. Tibbet is known to have been rather improvi- 
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dent. He never owned any orange trees other than the 
two his wife brought from Washington. He permitted 
his homestead to pass out of his hands, but he and his wife 



Fig. 4. — One of the original Washington Navel orange trees brought 
to California. 


were allowed to live in the cottage during the life of Mrs. 
Tibbet. After her death Tibbet was cared for at the 
County Hospital until he died July 1, 1902. 

In 1903 Louis Jacobs was the owner of the Tibbet 
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homestead. He gave one of the trees to Frank A. Miller, 
proprietor of the Glenwood Hotel, who had it removed 
to its present location in front of the hotel Ma^ 7, 1903. 
President Eoosevelt, a guest at the hotel at the time, 
assisted in transplanting this tree, for the care of which 
Mr. Miller is now responsible. 


Citrus Acreage in Counties in California having more 
THAN 10,000 Trees in 1910 


County 

Number op 
rilBEH 

AciiPJs 

Los Angeles 

3,28S,.'>()() 

43,780 

San Bernardino 

3,149,250 

41,990 

Tulare 

2,985,()0(J 

39,800 

Riverside 

1,966,705 

25,222 

Orange 

1,149,605 

15,328 

Ventura 

503,137 

6,708 

San Diego 

395,974 

5,279 

Butte 

146,673 

1,957 

Santa Barbara 

144,270 

1,924 

Fresno 

106,928 

1,746 

Kern 

78,5()0 

1,033 

Sacramento 

55,780 

744 

San Louis Obispo 

39,000 

520 

Placer 

33,115 

441 

Yolo 

18,575 

247 

Glenn 

16,540 

221 

Tehama 

13,565 

180 

Sonoma 

11,270 

150 

Colusa 

11,000 

146 

Solano 

11,000 

147 

All other counties 

56,797 

754 

Total for state 

14,176,184 

188,317 
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About the same time the other original tree was given 
to the city by Mr. Jacobs and it was transferred to 
a small plot of ground at the head of Magnolia Avenue. 
J. H. Reed, then tree warden of Riverside, placed a 
substantial ornamental iron fence around it which affords 
protection from any thoughtless or selfish person. The 
city of Riverside is responsible for the care of this tree. 
Both the original trees are at this date in a healthy and 
flourishing condition, and the one on Magnolia Avenue 
especially is producing fair crops (Fig. 4). 

CITRUS GROWING IN ARIZONA AND SONORA 

The citrus industry of Arizona is hardly more than 
twenty-five years old, although occasional orange trees 
may have been planted at a very much earlier date. The 
first plantings of any importance were along the Arizona 
Canal west of Scottsdale in the Salt River Valley. The 
Ingleside orange grove on the foothills of CamePs Back 
Mountain was the largest of these early plantings, and it 
was due largely to its success that the acreage was in- 
creased in this locality. 

Another important prospective citrus area is on Yuma 
Heights near Yuma, where an old orchard ten or twelve 
acres in extent has served for many years to indicate the 
possibilities of this area. The lack of water develop- 
ment has been the chief hindrance to the planting of 
additional acreage. 

While California received its first orange seed from 
Sonora, this country has been very backward in its citrus 
development, chiefliy for the reason that it has been 


2 i 


f itTH- 

fruni Inaiir iiaarl*-! ■ .u.‘{ haaMa a|.] t.-,| I.', fl.^ 
taritr in ri’uc'hin;: Afni-ri* uj; inarl*-? , 

!- fl:i- .. .,t ,i 

nustiTn ralifnrnia arr;r a fla' *hiu.itr ai-l 
lire wry ,Aniilar. 1lir * inri * Kii i>r*h,a4 arr 

sittmtvd urur ! imnn- il|n, in vallr-. .4 fL,,- 

Hivi*r, ami la-ar ituavina , Thi” ,4 

(lUayiiUla U;tM gn-allj, rriim »’4 in l!«‘a !r, 3 ^rfnas: :|ii« 

fnatUtilHl nf ftir rr4 •■ralr. lljf’ rhlrf!', a! 

l!t*niH»‘4llu i'-. liir ■■ Ml,*- ni !|,,n 

l^nnliially iiaTraa^ii aii4 in y.Vf rar- ^\i.rtr 

sail! ill Ilian! l!iriaii:li tla* I latrM Mal^ : l ai.aMa, h 
tliny niif«*r tlufy fm*. 

Tin* MHUign- }ir*«iurr4 in ■.antla-rii i-irr* iajlv 

in till* '4|]tlrH. Iff tlali-fit, ,\|« aiai >a!i fiJiijH 
wlirrn tlir riiiiiafr i-. ni»*rr fr*»|,,i*aL 4a!!rr m i!iara*lfT 

from thfr^e gruvui in N.iiMra. iiMrfa.r |*ir 

Mur*fl iif ;Hii|it}|»*Tlt i; |lifr';fr-»i %ith lirf' Afi*frli*;, 

oriuil^l* Tryi^rhi am! till'. Int. tirrrn iMlli 

the iiiurkiiiiig of thr fruit. 


CHAPTER II 


CITRUS GEOGRAPHY AND CLIMATOLOGY OF 
CALIFORNIA 

Citrus fruits originated in India and the Malay Archi- 
pelago and are generally regarded as tropical fruits, yet 
it is a curious fact that the greatest commercial success 
with them has been obtained in semitropical countries. 
This statement applies especially to oranges and to a less 
extent to limes and pomelos. The bulk of the oranges 
which supply the markets of the world are produced in 
countries which experience a certain degree of frost, such 
as California, Spain, Florida, Palestine, Australia, Japan, 
and Italy. Oranges grown in moist tropical coun- 
tries are lacking in tartness, color, shipping and keep- 
ing qualities. All of these qualities, so desirable in a 
marketable orange, become more marked as we approach 
the line where frequency of frosts makes the culture of 
the trees unprofitable. 

The citrus producing lands of California are scattered 
from San Diego to Shasta County, a north and south divS- 
tance of four hundred and fifty miles. It is a peculiar 
fact that there are orange orchards in California in the 
same latitude with New York City and Lincoln, Nebraska. 
This is made possible by the peculiar topography of the 
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state, whereby the mountain ranges are so situated that 
the cold winds of the north are shut out from interior 
valleys, and the full effects of the abundant winter sun- 
shine allowed to accumulate. Along the southern coast 
also the mild moisture laden breezes from the Pacific 
modify the climate of the country between the mountains 
and the sea without interference from northern blasts, 
which are diverted eastward by the mountain barrier in 
northern California. From the point of view of the 
fruit grower, longitude is more important than latitude. 
Fig. 5 shows the distribution of the citrus areas of 
California. 


CLASSIFICATION OF CITRUS AREAS 

The areas where climatic conditions permit the growth 
of citrus trees may be roughly grouped into three divi- 
sions and designated as the Southern Coast, Interior 
Valleys, and Northern Coast Divisions, in the order of 
their importance as citrus producing areas. 

The Interior Valleys Division includes the Sacramento, 
San Joaquin, Upper Santa Ana, Coachella, Imperial, and 
Colorado Valleys and embraces all the country not imme- 
diately adjacent to or within the influence of the ocean. 
The Southern Coast Division includes all the citrus 
country between the mountains and the sea as far north 
as Santa Barbara. The Northern Coast Division includes 
all the country within the influence of the sea from Santa 
Maria as far north as northern Sonoma County. The 
amount of rainfall varies much in difl’erent parts of the 
■state, but the rainy season is fairly uniform, being from 
November to March inclusive throughout each of these 
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areas. Rainfall in the summer is very rare and thunder 
and lightning exceedingly rare especially near the coast. 

As the citrus industries of these three divisions differ 
in many particulars, we will discuss each division sepa- 
rately. 

The Southern Coast Division 

The climate of this section is characterized by an equa- 
ble temperature with cool summers and warm winters. 



Fig. 6. — Four-year-old Valencia orange grove in Los Angeles County. 


The rainfall is about 18 inches in the northern but de- 
creases in the southern part. The air is quite moist as 
compared with the interior, and there are frequent fogs 
and overcast skies. The prevailing breezes are from the 
Pacific Ocean, which has a surface temperature not far 
from 60° F. at all seasons of the year. The extent of the 
ocean influence depends upon local topography, being 
narrow in Santa Barbara County and widening out 
toward the south and including the San Gabriel Valley 
which contains the most highly developed and largest. 
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contiguous citrus area in the state. Fig. 6 shows a 
representative orange plantation in southern California. 

In general, the soils of this region are deep and very 
fertile, being heavier near the coast and lighter in charac- 
ter toward the interior. The two prevailing soil types 
are the Placentia series, resulting from the weathering 
of reddish granite, which outcrops at many places, and the 
Maricopa series, which are alluvial in nature, being an 
ancient flood plain. These latter soils are darker in color 
and often contain smooth cobbles and bowlders in variable 
amounts. Less important soil types are the black adobe 
sometimes found on the foothills and the light sandy 
soils of the river bottoms. 

While the prevailing breezes are westerly, this section of 
country is occasionally visited by characteristic hot 
northers which blow with force for several days at a time 
from the northeast. At such times the air becomes 
excessively dry and high temperatures prevail. Such 
desiccating winds are sometimes quite injurious to vege- 
tation and cause a severe loss of water from plants and soil. 
It is fortunate that such winds are not of more frequent 
occurrence. 

The southern coast is especially adapted to the growing 
of lemons, which here produce a larger proportion of high- 
priced summer fruit. Stored lemons also keep better and 
expensive storehouses are not needed as is the ease in 
interior valleys. The cool summers also make it possible 
to hold Valencia oranges on the trees until the follow- 
ing October and November, when very high prices are 
often realized. This section of country is also well suited 
to the production of nursery stock, which is grown in very 
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large quantities, the San Gabriel Valley being the center 
of this industry. 

The Washington Navel orange here produces very 
heavy crops, but the fruit ripens later and is somewhat 
inferior to that produced in interior valleys both as re- 
gards color, texture, flavor, and shipping qualities. 


The Interior Valley Division 

The climate of all the interior valleys is characterized 
by conditions more or less extreme. The air is nearly 
always dry and this permits rapid radiation, causing a 
wide range in temperature each day. Rainfall is fairly 
abundant in winter in the northern valleys and less so 
toward the south. The air is free from fogs and dew in 
summer and constant sunshine is the rule. The days 
are often very hot, while the nights are always cool. 

The floors of the valleys are, as a rule, frosty in winter 
and on this account the principal citrus areas are found 
along the foothills, above the frost line, and where irriga- 
tion water is available. Such areas are usually at an eleva- 
tion of from 500 to 1500 feet above the sea, and from 100 
to 500 feet above the floor or ^"draw’’ of the valley. In 
such locations a few feet in the perpendicular is of far 
greater importance to the citrus grower than many miles 
in the horizontal. That is to say, whether the orchard 
is planted in a ^^draw’’ or on a bluff above it, yet on the 
same ranch, may mean more for the success or failure of 
the grove than whether the trees are planted near Holt- 
ville or at Oroville five hundred and fifty miles distant. 
Cold air is heavy and on quiet nights flows down and col- 
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lects in the lowlands, leaving the foothills above the frost 
line. 

In the central valleys oranges ripen very early and 
as some of these are far to the north of the Coast Coun- 
try, the unusual procedure of shipping earliest ripening 
fruits southward to market is accounted for. 

The largest producing district in this division lies on the 
eastern foothills of Tulare County, including Woodlake and 
Porterville, at an elevation of four or five hundred feet 
above sea-level. One of the typical soils of this district 
is known as the Porterville clay loam adobe, which is a 
residual soil characteristic of the higher foothill slopes. 
Lower down the valley slopes are found soils of the San 
Joaquin series, which are sometimes characterized by 
^'hog-wallows'^ and a certain amount of hardpan. The 
valley floor is composed mostly of alluvial soils of the 
Hanford series. 

In the northern Sacramento Valley the soils are very 
variable, but are mostly of a reddivsh color. They are in 
large part sedimentary soils of the San Joaquin, Stockton, 
Alamo, and other series. While there are many exceptions, 
it is true that these soils, especially on the east side of 
the valley, are quite generally underlaid by a stratum of 
dense, impervious hardpan which occurs at variable 
depths. Where hardpan is near the surface, the land is 
not suited to citrus fruits unless it be dynamited and the 
hardpan thoroughly broken up. 

The Northern Coast Division 

In outline this division is very irregular, consisting in 
places of a narrow strip between the mountains and the 
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sea and extending occasionally into valleys where the hills 
are low and do not entirely shut off the cool, moist sea- 
breezes. East of the bay region the coast influences 
extend far inland, following the Sacramento River and 
tempering the climatic conditions at the junction of the 
San Joaquin and Sacramento Valleys to such an extent 
that the region between the cities of Stockton and Sacra- 
mento is really intermediate in climatic characteristics. 
The climate of the Northern Coast forms a strong con- 
trast with that of the interior valleys. It is comparatively 
free from extremes of temperature, being w^arrn in winter 
and cool in summer. The winter rainfall is usually heavy 
and there is much fog in summer. Here green, grass- 
covered hills are the rule instead of the bare rocky buttes 
of the interior. 

There are no large commercial citrus areas within this 
district, yet oranges and lemons are grown in yards and 
gardens and the product is used for local consumption 
throughout the district. The total amount of summer 
heat is small, and oranges do not yield w^ell as a rule nor 
is the fruit high in sugar content. The color also is poor 
on account of the lack of abundant sunshine, and the trees 
are subject to the ravages of many insect pests and fungous 
diseases which are not able to survive the hot summers 
of the interior valleys. The trunks and branches of trees 
on the coast are apt to become covered with a growth 
of lichens and algae which should be removed with alkali 
sprays. 

The soils of the coast country are chiefly deep rich 
residual soils formed by the gradual weathering and 
breaking down of the local rock masses. 


Citrus Geography and Climatology of California 33 


THE PROST HAZARD 

It has been asserted that certain districts in California 
are free from frost. This is hardly true, for a certain 
frost hazard exists in all districts both north and south. 
Almost all districts on the other hand embrace certain 
areas which are comparatively frost free. One thing 
which usually impresses the stranger from the East most 
forcibly is the sharpness with which the frost lines are 
drawn. There are many ranches of a hundred acres or 
less which are divided by these frost lines into citrus 
lands, walnut lands, and alfalfa lands. It is often very 
difficult to accurately judge the frost hazard on any given 
piece of land unless there be an old orchard alongside 
upon the history of which, together with the local topog- 
raphy, an estimate may be based. Failures due directly 
to faulty judgment in regard to the frost hazard are almost 
without number. 

In recent years the science of orchard heating as de- 
scribed in Chapter XIV has enabled growers to insure 
their crops against occasional frosts, but where orchards 
must be heated many nights each winter the expense is 
quite likely to interfere with the profits. 

We may conclude then that throughout the citrus divi- 
sions of the Southwest there are specially favored dis- 
tricts where citrus fruits grow to perfection and are seldom 
injured by cold. Within each of these districts, however, 
there are many localities of irregular outline and extent 
which on account of local topography are quite out of the 
question as citrus lands. On this point Lelong ^ writes as 
follows : 

^ “Culture of the Citrus in California,” 1902. 
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Wherever cold currents of air from high altitudes 
flow to the valley without interruption, it will not be safe 
to attempt citrus culture at any elevation within the sweep 
of these currents. On the other hand, wherever the 
descending currents are cut off or turned aside by spurs 
of the mountains, leaving the warm atmosphere of the 
days undisturbed during the nights, there orange and 
lemon culture may be engaged in with little danger from 
frost- In other words, the eddies of air currents must be 
selected and the main flow of these currents must be 
avoided. 

Everybody who has traveled along the Sierra foothills, 
parallel with the valleys, particularly in the winter season 
and at night, will recall his surprise at the sudden changes 
of the temperature of the atmosphere within short dis- 
tances. He may also remember to have noticed tender 
plants and shrubs seared and frost-bitten, while just over 
a ridge or cone the same plants and shrubs were in full 
leaf and growing luxuriantly. Want of attention to these 
facts has caused many a disastrous failure in the culti- 
vation of citrus fruits in California.’’ 

ATMOSPHERIC HUMIDITY 

In the interior valleys which are fanned by dry desert 
breezes, the amount of atmospheric moisture is very low, 
and this together with the great heat tends to produce 
oranges of high sugar content and with very desirable 
deep red color. Dry air also discourages the growth 
of certain diseases affecting the tree, as well as certain 
scale insects, lichens, and algae which cannot endure the 



Citrus Geography and Climatology of California 35 



desert conditions. On the other hand, lemon trees under 
such climatic conditions tend to bear only one crop a year, 
and the proper curing and keeping of lemons is made 
more difficult. The moist and foggy coast country with 
its cool sea breezes brings about a somewhat different 
phase of the industry. Here lemons tend to bear a con- 


Fig. 7 . — Tyi^ical scene in Los Angeles County. Windbreak of Grevillea 
robusta on right. 

tinuous crop the year round, and the fruit may be easily 
stored in open sheds and kept in good condition for six 
or eight months. Oranges near the coast are six or eight 
weeks later in ripening than those of the interior, and the 
trees are subject to a larger number of the insect pests 
and diseases to which the citrus tree is heir. 





WINDS 


Strong winds are a serious hindrance to the citrus 
grower. The young foliage is badly torn or may even be 


blown from the trees; the fruit is bruised, scarred, and 
covered with unsightly callous marks ; the trees are pre- 
vented from forming symmetrical heads; and in some 
cases the soil itself is either blown away from the roots 
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Pinus radiata, a native pine used as a windbreak. 


Fig. 8.— 
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or banked too deep around the trunks of the trees. In 
some extreme cases, the traveling sand wears away the 
bark of young trees near the ground. As a rule, windy 
locations should be avoided in selecting a site for a citrus 


Fig. 9. — Orange tree denuded of foliage on windward wide Ijy three 
days of desert wind. 

orchard. In some cases, however, where all the other 
conditions are right, the force of the wind may be broken 
by growing windbreaks of cypress, eucalyptus, or cedar. 
Care should be exercised that the windbreak is not 
allowed to grow too thick and become a “wind-stop,” 
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as this may interfere with atmospheric drainage and make 
a frost pocket of the grove. A live windbreak is ob- 
jectionable on the ground that the roots appropriate the 
plant food and water from one or two rows on either side 
and seriously interfere with the fruiting of the orchard 
trees. This trouble may be obviated to some extent by 
digging a trench ten feet from the windbreak and three 
feet deep every second year and cutting all the feeding 
roots. Care should be used in selecting varieties of trees 
for windbreaks that they may not be host plants for 
insects which affect citrus trees. The pepper tree, 
Sckinus molle, for example, makes an excellent wind- 
break and is largely used in interior valleys where the 
black scale is of less importance. Near the coast such 
trees may have to be fumigated occasionally at great 
expense. Figs. 7 and 8 show windbreaks of the silk oak 
{Grevillea robusta) and Monterey pine (Pinus radiata), 
which are much used in parts of California. Fig. 9 il- 
lustrates the damaging effect of the wind. 

SUNLIGHT 

While a certain amount of sunlight is absolutely neces- 
sary for plant growth, there are places in California where 
citrus plants are over-illuminated. Sunburn of the 
fruit and tree trunks and even of the leaves often occurs 
in the dry interior valleys, where the lack of moisture in 
the air permits the actinic rays of the sun to strike the 
trees with full force. In such situations, the fruit borne 
on the outside of the trees and fully exposed to the light 
is inferior and often ruined, while the fruit which is 
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screened by foliage may be of the very finest quality. It 
is the custom among nurserymen to shield citrus seedlings 
from the light by growing them, for the first six or eight 
months, under lath screens so arranged as to reduce the 
total light about 75 per cent. Running the lath north 
and south will provide alternating light and shadow 
for any given seedling as the sun moves from east to west. 



CHAPTER III 


CITRUS BOTANY, GROSS STRUCTURE: 
HABITS OF GROWTH 

Citrus fruits differ from olives, figs, dates, auc 
granates in being of comparatively modern origin - 
emerged from the wild state in the Malay Arc! 
and southern Asia. Certainly citrus fruits 
known by civilized peoples until comparatively' 
times. The ancient Egyptians did not know the 
fruits. The Romans did not know the orange 
other edible form except perhaps the citron at “ 
ginning of the Christian Era.^ While the Old Tes 
makes frequent mention of olives, pomegranates, fi 
other fruits, no mention is made of any citrus fruit 
we except the word ^"hadar'' translated '^goodly 
(Leviticus 23 : 40) as referring to the citron. Riss* 
of the most able of the early writers on citrus, con 
the ancient texts and claims that this word merely 
to any beautiful or fine tree. It is likely the 
Hebrews became acquainted with this fruit at tin 
of the Babylonish captivity. Be this as it ma 
Jews believe this word refers to the citron, or et 

^ De Candolle, “Origin of Cultivated Plants,’' p. 183 
2 Risso and Poiteau,' “Histoire Naturelle des Granger 
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it is called by them, and to this day they present them- 
selves at the synagogue on the day of the Feast of 
Tabernacles, as commanded in Leviticus, with a citron 
in their hands together with an unopened * date palm 
leaf, a three-parted branch of myrtle, and a willow twig. 

The citron, known by the Romans as Malum persicum, 
the apple of the Persians, was transplanted to Italy about 
the third or fourth century. 

The lemon was not brought to southern Europe until 
after the tenth century, and the earliest Italian reference 
to it is dated 1250 a.d. 

The bitter or sour orange was unknown to the early 
Greeks and Romans. It probably originated in eastern 
India and spread westward slowly. When it reached 
Mesopotamia it received the Sanskrit name nagarunga, 
which was changed to verunga and arangi. In medieval 
Latin it became arancimiwad^noXlv aurantium, the present 
Latin name from which our English word orange is de- 
rived. The Crusaders saw the bitter orange in Palestine, 
It was taken by the Arabs to Sicily in 1002, spread from 
there to Spain, from whence it was taken to Florida soon 
after the settlement of that Colony. In Florida the bitter 
or sour orange ran wild, and dense thickets exist there 
to-day which yield the greater part of the sour orange 
seeds planted by California nurserymen. 

It is most remarkable that so good a fruit as the sweet 
orange should not have been known to ancient writers, 
yet they make no mention of it. In fact the sweet orange 
was not introduced into Europe until the beginning of 
the fifteenth century, when the Portuguese brought im- 
proved forms of it from south China. A number of writers 


42 


Citrus Fruits 


speak of the sweet orange as cultivated in Spain in the 
sixteenth century. At a very early date the Portuguese 
carried the orange to Brazil, where it ran wild as it did in 
Florida. From Brazil the orange spread southward into 
Paraguay, part of Uruguay, and northern Argentina 
where large areas are now covered with a natural growth 
of wild sweet orange trees. 

CLASSIFICATION 

The genus Citrus belongs to the family Rutacece and rep- 
resents the highest development within the family. There 
are no species of citrus native to either North or South 
America. A relative is the prickly ash or toothache 
tree,^’ Xanthoxylum araericanum, of the southeastern 
United States. 

No two systematic botanists appear to be agreed as to 
the proper classification of the many different species. 
This is probably due to the fact that several of the species 
hybridize readily and it is very difficult to determine 
which of the forms are of hybrid origin. The writer makes 
no pretense to having solved this perplexing problem by 
independent botanical research. Pie has simply studied 
the different schemes proposed and from them arranged a 
practicable, working classification for the use of students, 
fruit-growers, and others who desire a simple bird’s-eye 
view of the ten species in which they are chiefly interested. 

Persons particularly interested in citrus botany are 
referred to Hume, Citrus Fruits and their Culture ’’ ; 
to Bonavia, Oranges and Lemons of India ; and to 
Swingle, ^Titrus’^ in ^^Bailey^s Standard Cyclopedia of 
American Horticulture.’^ 
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f the deciduous orange (Poncirus tri- 
I foliata ) . 

Bergamot orange, 
common sweet orange. / 
sour stock, Seville, or bitter orange, 
the King orange. 

Yar. deliciosa — the Mandarin or kid- 
glove orange. Tangerine. 

. Var. umhiu — the Satsuma orange, 
the pomelo (grapefruit), shaddock, 
kumquats. 
citron of commerce, 
sour lemon, sweet lemon, 
sour lime, sweet lime. . 

All of these ten species are now grown, to some extent 
at least, in California, although some of course are very 
much more imi)ortant than others. 

Chtrus trlfoliata. — This is the only deciduous orange. 
The fruit is not edible. It is highly ornamental and very 
hardy to cold, being used in yard and garden plantings and 
for hedges as far north as Washington, I). C. It is used to a 
certain extent in Florida and more generally in Texas as a 
stock upon which to bud e<lible oranges. Its use as a stock 
in (hilifornia was never widespread, and is now almost obso- 
lete. Citrus trlfoliata has recently l)ecn used to a considerable 
extent in breeding work, tlie object b(‘ing to combine the cold 
resisting (lualities of the trifoliafa witli the good (lualities 
of the more tender species which l)ear edil)Ie fruit. It is 
native to Japan and ('hina and was introduced into Europe 
more than one hundred years ago. This species is now by 
some put in the genus Poncirus, becoming P. trifoliata. 

Citrus hergamia. — The Bergamot (Srarige from which the 
oil of bergamot is made is grown commercially in Europe. 
In California it is grown only as an occasional specimen or 
as a hedge plant in gardens. 


ClTllUS 


trlfoliata 

berga?nia, 
sineiisis, . — 
Aurantium, 

nohilis 

decumana, 

japonica, 

Medica, 

Limoniay 

auraniifolia, 


I 
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Citrus Medica, — The citron from which the candied 
citron sold by grocers is made. The form known in Cali- 
fornia as the Chinese lemon and much used in the early 
days as a stock is thought to belong here. 

Citrus Limonia. — The lemons including both the sour 
lemons and the sweet lemons. 

Citrus aurantifolia. — The limes including both the sour 
Mexican and Rangpur limes and the sweet limes which 
latter are considered to be of hybrid origin. 

THE CITRUS PLANT 

The Root 

Citrus trees differ from many plants in having no root- 
hairs whatever upon the fibrous, feeding roots. The 
feeding roots are comparatively large, very abundant, and 
grow very rapidly. Those sheared off each year by the 
plow in turning under a cover crop are quickly replaced. 
In shallow soils, however, where most of the fibrous roots 
are near the surface, it is unwdse to be too reckless with the 
large turning plow. Under arid conditions the feeding 
roots are not confined to the surface layer of soil, but 
where there is no layer of hardpan to interfere they dis- 
tribute themselves throughout the soil usually between the 
eighth and thirty-sixth inch levels. In very deep, well 
aerated soils they may forage much deeper. 

The large main roots serve in a double capacity; 
as braces to hold the tree upright against the wind, 
and as conveyors of water and food between the fibrous 
feeders and the trunk. Large perpendicular roots known 
as tap-roots are not essential to the health or well-being of 
the trees and are invariably cut when the young nursery 
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The line which separates the two currents of sap is 
known as the cambium and is roughly represented by the 
line of cleavage when a strip of bark is pulled away from 
the trunk. It is on this line that growth takes place, the 
cells dividing continually, one part going to build wood 
and the other causing a thickening of the bark. 

Citrus trees are apt to form large quantities of gum along 
the line of the cambium, when stimulated by the growth 
of fungous parasites, or by other causes, the exact nature 
of which are not clearly understood. 

Many trees are unable to grow new bark direct from the 
cambium, but heal over wounds by pushing new tissue 
out from the sides of the w^ounds. The citrus tree will 
often grow new bark direct from cambium laid bare by 
gophers or gum-disease. Occasionally a tree which has 
been entirely girdled will grow new bark and recover. 
The bark of citrus trees is also peculiar in that it retains 
some green matter or chlorophyll and continues to function 
as a leaf until the tree reaches a great age. 

Leaves 

With the exception of Citrus irifoliata, all citrus trees 
are evergreen ; that is, the bulk of the leaves do not fall 
before the new leaves have expanded. A few of the oldest 
leaves may fall at any time of the year, but the period 
of heaviest fall is in April and May after the spring growth 
has taken place. The normal life of an orange leaf depends 
on the kind of wood upon which it is borne. Leaves on 
the fine fruiting brush usually remain on the tree for about 
fifteen months, while leaves on vigorous upright vegeta- 
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tive growths will remain green and in flourishing condi- 
tion for three and even four years. The leaves on the 
trunks of nursery trees, if protected and not removed, will 
usually remain for several years. It is customary to re- 
move these leaves at the time the tree is dug for the purpose 
of reducing transpiration. 

In the case of the trifoliate orange the leaves fall in the 
autumn, the tree remaining bare during winter and until 
after the blooming period in spring. 

Citrus leaves vary in shape and size with the different 
species ; the pomelo and Seville orange having broad wings 
on the petioles, while the sweet orange has a very narrow 
wing and the citron none at all. The width of these wings 
will vary a good deal, being wider on the vigorous shoots 
and very much smaller on the fruiting brush. The edges 
of the sweet orange leaf are entire, while with the lemon and 
lime the edges are indented or crenate. Most, if not all, 
of the stomata or breathing pores are situated on the under 
side of the leaves, and this is a distinct advantage when the 
upper surfaces of the leaves become coated with dust from 
the roads during the dry season, or with cement dust from 
near-by cement mills. 

One striking characteristic of all citrus leaves is the pres- 
ence of numerous glands, which maybe easily seen with the 
unaided eye, although they do not project above the sur- 
face of the leaf. These glands are filled with a fragrant 
and aromatic oil which is very volatile and gives to the 
freshly crushed leaves their characteristic odor. This odor 
varies with the different species. One method of distin- 
guishing between sweet and sour stock seedlings in the 
nursery is by recognizing the odor of the crushed leaves. 
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Thorns 

Slijirfn H!€»ti<ier thorns are characteristic! of most kinds 
of rifriiH trc^os. Sec‘dlings of the sweet orange have per- 
the iiifiHt formidable thorns and these are a s(*riotiH 
!iiiidrfiiii*€*^ ill harvesting the fruit and pruning the trees. 
Till* trifttlial (orange has short, thick thorns whic’h are very 
iiiiiiierittis. C*c‘rtain cultivated varieties are practic^ally 
free fr«uii tltorns, and this quality adds much to their 
IMipidfirity . Thorns are borne in the axils of the leaves, 
iiiid tlieir in a given variety, depends largely upon the 

vigor of tlH* shoot upon which they o(*cur, bcdng long on 
nipitlly gnawing shc^ots and short and inconsi)i<moUH on 
the fruiting I'lnish. The Navel orange and Eureka lerncrn 
iiri.* pritrti€"it ily thornless varieties; yet on water-sprouts 
Iftiig slinri? t-liorriH may somc^tirnes appear. 

ThfiniH itrt* fdijec’tional)le not only on acx»ount of the 
difiienll>'- iP€*-€*mmnml ii:i pi(‘king fruit, l)ut alH(» on account of 
tire iiijiiry ficira* to the fruit itscdf. Wluai tlie wind tossiB 
till* briiiif*ii€*ii jihoiit, the fruit is stabbed on many sidc!s by 
till* ibortiH, ,|giving an excellent opportimity for inocnilation 
mill c*oiim*<|ticrit fungous decay. In dry weatlier when 
tuiittli »’iiiiiiflHnreqiiickly dried (and perhaps, to a certain 
rxtciit* by the es<»fi}HM>f oil from the broken oil- 

tiller is less decay of fruit on tin* trecM from this 
IVIt ilr this is true, the <*onstant rubbing or pricking 
of II fruit itgiiiiist tin* point of a thorn wdll so irritate tlie 
riiiil iiH to a very ugly callous to form on the skin 

ftiiil finis rtiiii the market value of the fruit. 

Hirrr wicles}.>read Wief among citrus iiurm*ryiiicn 

iiiiil uthi*rh t Iiat tlionis may l>e largely eliminated from any 


52 


Citrus Fruits 


variety by careful selection of budwood through several 
bud generations. We know of no published data of scien- 
tific experiments to determine this point and doubt very 
much whether the grounds for this belief are sufficient. 
It can do no possible harm to select only thornless bud- 
wood for propagation, and where this happens to result 
in the separation of pure-line mutants which vary in thorni- 
ness much good may be done. On the other hand it is 
difficult to conceive of how progress can be made by selec- 
tion within the pure-line. 

Flowers 

Citrus flowers are large, showy, and fragrant, and are 
borne in great profusion. They are mostly waxy white, 
although in the lemon and citron the backs of the petals 
are tinged with purple. The flowers are mostly perfect 
or complete, consisting of a green calyx with three to five 
lobes, subtending white petals, four to eight in number, 
which are thick, fleshy, and covered with oil glands. The 
stamens are numerous, twenty to sixty in number, their 
filaments (stalks) being more or less united. The style 
and stigma are large and conspicuous. The exudation of 
white mucilage by the stigma is quite copious, as is also 
the watery nectar in the base of the flower cup. The 
pollen is golden yellow and is produced in abundance 
except in certain varieties. The orange has flowers borne 
in cymes on shoots of the current year’s growth. In the 
case of the lemon, kumquat, and others, the new growths 
are sometimes so short (the leaves appearing as mere 
bracts), that the flowers have the appearance of being 
borne on old wood. 
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up to size in six months, while some will remain undersized 
for a year and finally turn yellow, at which time they are 
picked regardless of size. 

Pollination 

The larger number of fruits, such as apples, plums, 
grapes, and strawberries, require pollination in order to set 
fruit. Some kinds of citrus fruits require pollination in 
order to set and mature fruit, but a large number do not. 
Many forms of citrus bear parthenocarpic or seedless 
fruits, and with these pollination is not only unneces- 
sary, but is apparently a disadvantage, inasmuch as it 
results in some cases in the formation of seeds which 
are objectionable. 

In Florida a large number of varieties are grown com- 
mercially, and as most of them contain seeds it is probable 
that a large proportion at least require pollination for their 
best development. Florida writers are strangely silent on 
this point. In the citrus districts of the Southwest it hap- 
pens that the five varieties chiefly grown — Washington 
Navel and Valencia oranges, Eureka and Lisbon lemons, 
and Marsh pomelo — are more or less parthenocarpic. 
Those kinds which contain some seeds, as the Lisbon lemon 
for instance, are able to set and mature fruit without polli- 
nation, which results merely in the formation of seeds 
The Washington Navel orange flowers contain no pollen 
whatever and in the Eureka lemon viable pollen is rare 
except at certain seasons, yet these varieties produce quite 

1 Unpublislied Report on Pollination Experiments by the 
Writer. 
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a few seeds may be produced provided the particular fruits 
having the normal embryo-sacs happen to be pollinated 
with viable pollen from congenial varieties. It is the 
remoteness of the chance of this occurring under ordinary 
field conditions that accounts for the comparative seedless- 
ness of these fruits. Apparently there is nothing in the 



structure of the blossoms of either the Washington Navel 
or the Satsuma orange which would interfere in any way 

normal embryo-sacs have not been fully worked out. Experi- 
ments now being carried on by the writer seem to indicate that 
the climate factor is most important. Normal embryo-sacs of 
Washington Navels occur much more frequently at Riverside 
than at Whittier where they are very rare. For this reason plant- 
breeders wishing to use the Navel as a maternal parent in cross- 
breeding work may expect greater results from crosses made at 
Riverside or other interior points. 
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with the germination of pollen or normal extension of the 
pollen tube. 

The occasional seeds sometimes found in Washington 
Navel oranges as they occur on the market are undoubt- 
edly due to cross-pollination with some other variety by 
insects or other agencies. The question as to what would 
be the result should these seeds be planted and reared to 
maturity has already been answered by the experiment 
of W. H. Backus of Riverside, a part of whose report is 
here quoted.^ 

''Some years ago when almost every one was budding 
over their seedlings to Navels, I thought the result might 
be too many early oranges. At that time I did not think 
the Valencia the most desirable late orange, as a Cali- 
fornia orange should have high color in addition to being 
late. 

"To obtain this desirable feature, together with high 
color quality and medium size, I tried hybridizing the 
Mediterranean Sweet on .the Washington Navel, three 
successive seasons, cutting all the oranges when ripe for 
seed. Altogether I secured about fourteen hundred seeds 
that were well matured. 

"These were planted in the seed bed, but owing to my 
lack of experience in nursery work, a large percentage of 
the little trees, of the first and second plantings, died when 
about three inches high. One peculiar thing to me was 
that over 90 per cent of the seeds sprouted from two to six 
shoots each.^ 

"The young nursery stock was much neglected for three 

^ Riverside Daily Press, March 2, 1909. 

* An interesting record of polyembryony. 
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or four years, when I took buds from the most thrifty to 
bud over old trees. Although these buds stand 16 to 18 
feet apart in an old grove, still they made a rapid growth, 
equal to a straight seedling, and are now about 25 feet 
high. 

'^The disappointment came when they began to bear. 
Many were of no value at all ; the best were early, some 
apparently earlier in ripening than the Navel, but generally 
of good color, sweet and seedless. The trees were exceed- 
ingly thorny and some much more thrifty than others ; 
many appeared to be good bearers while others were shy 
or very late in coming into bearing. Consequently al- 
most all have been rebudded or dug up.’^ 


Polyembryony 

A peculiar thing about citrus seeds is the fact that a 
variable proportion of them will give rise to from one to 
ten distinct seedlings each. This is known as polyem- 
bryony and is due to a number of adventitious embryos 
appearing in the embryo-sac. Some of these bud embryos 
may develop into seedling plants along with the sexual 
embryo which requires fertilization in order to develop. 
This explains why seedlings in the seed bed often appear to 
grow in bunches even though the seeds were planted sepa- 
rately. As only one of the seedlings arising from any 
given seed is the result of pollination and fertilization, it 
follows that the others must be vegetative seedlings, and, 
ifi case the seed is from a known variety, will reproduce 
the variety true from seed without the necessity of bud- 
ding. It is impossible, however, to distinguish the sexual 
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seedling from the others in 
the early years of growth, 
except in the case of crosses 
between forms which have 
very differently shaped 
leaves. It would be imprac- 
ticable to propagate Navels 
true from seed on account 
of the rarity of seeds and the 
necessity of pollinating the 
flowers, but it would be a 
simple matter wdth seedy 
varieties were it not for the 
difiiculty above mentioned. 

Structure of the Fruit 

According to Bonavia,^ 
the citrus fruit consists mor- 
phologically of two whorls 
of transformed leaves, one 
going to make the rind and 
the other to make the group of carpels or sections of 
the fruit. Each carpel is supposed to be a leaf folded 
over in such a way .that its two edges meet in the 
center on the axis of the fruit and along which the 
seeds are borne. The number of these sections or 
divisions varies considerably even in the same variety. 
The little juice sacks or vesicles within each carpel are 
supposed to be transformed oil glands of the leaves. As 
^ E. Bonavia, “Oranges and Lemons of India/' VoL I. 



Fig. 15. — Polyembryony. Two 
oraage seedlings from one seed. 




Citrus Botany, Gross Structure, and Habits of Growth 61 

varieties of double flowers are formed by the growth of an 
additional whorl of petals, so varieties of double fruits 
may come about by the growth of additional whorls of 
carpels, and this is what has taken place in the case of the 
Navel orange, as any one may observe by making a num- 
ber of thin transverse sections through the apical end of a 
Navel orange, and studying these sections. The vesicles 
in citrus fruits are multicellular and are attached by a 
stalk in nearly all cases to the outer wall of the carpel, 
only a very few being attached to the sides. These vesi- 
cles are fed directly by fibro-vascular bundles branching 
from the stem and running through the white spongy 
tissue which composes the inner part of the rind. The 
seeds vary in number from none as in the Navel to fifty 
or more in the trifoliata. They are attached to the inner 
edges of the carpels. 

Citrus fruits in common with other fruits are not to be 
considered as so much dead matter after they are plucked 
from the tree. They live and breathe (transpire) for many 
months. They also lose water and shrink in size and 
weight as a result of giving off carbon dioxide and water 
vapor. If protected from infection by decay-producing 
organisms, oranges or lemons will keep one year or more, 
when kept moist and cool, but will eventually die and 
collapse from enzymatic fermentation. If they are al- 
lowed to lose moisture, they will dry up into balls as hard 
as wood. An understanding of the vital processes going 
on in citrus fruits is highly important in connection with 
the curing of lemons and pomelos. (See Chapter XVI.) 

Chemistry of the Fruit. — Citrus fruits from the same tree 
may vary much in their composition. Commercial Cali- 
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Analyses of Califoknia Oranges and Lemons 


(From Bull. No. 93, Uni v. Cal. Agr. Exp. Station) 


A. Proximate Analyses 

Name of Variety 

Wash. 

Navel 

Med. 

Sweet 

Paper 

Kind 

Malta 

Blood 

Eureka 

Lemon 

Average weight in grams 

300 

202 

138 

177 

104 

Water, per cent . . . 

85.82 

85.19 

84.76 

85.68 

83.82 

Organic matter, per cent 

13.95 

14.32 

14.77 

14.39 

15.61 

Ash, per cent .... 

.42 

.47 

.46 

.42 

.56 

Rind, per cent . . . 

28.4 

27.0 

19.2 

31.0 

32.0 

Pulp less juice, per cent 
Seeds, per cent . . . 

Number of ce. of juice. 

27.7 

24.0 

0.8 

25.9 

1.6 

24.0 

24.5 

0.12 

average 

Solid contents of juice 

107 

86 

65.4 

71 

38 

by spindle .... 
Total sugars in juice (by 
copper inversion), per 

12.80 

12.60 , 

12.10 

13.55 

11.00 

1 

cent 

Cane sugar in juice (by 

9.92 

9.70 

! 8.71 

10.30 

2.08 

polariscope), per cent 

4.80 

4.35 

3.48 

5.85 

0.57 

Citric acid, per cent 
Nitrogen in fresh fruit, 

1.02 

1.38 

1.35 

1.61 

7.66 

per cent .... 
Albuminoids in fresh 
fruit, equivalent to 

0.211 

0.154 

0.228 

0.168 

0.151 

nitrogen, per cent . 

1.31 

0.96 

1.43 

1.05 

0.94 


B. Analyses of Ash Oranges Lemons 


Potash (K 2 O), per cent 

Soda (NasO) 

Lime (CaO) 

Magnesia (MgO) 

Peroxide of iron (Pe 203 and alumina 

(AI2O3) 

Br. oxide manganese (Mg 304 ) . ! ! 

Phosphoric acid (P2O5) 

Sulphuric acid (SO 3 ) 1 

Silica (Si 02 ) ! ] .* 

Chlorine (Cl) [ * 


48.94 

48.26 

2.50 

1.76 

22.71 

29.87 

5.34 

4.40 

.97 

.43 

.37 

.28 

12.37 

11.09 

5.25 

2.84 

.65 

.66 

.92 

.39 
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f ornia oranges contain about 30 per cent rind and 40 per 
<^^xxt juice when freshly picked from the trees. The percent- 
of juice increases as the fruit is cured for the water in 
"ttie rind is lost first by evaporation and transpiration. 
Oa,lifornia Navel oranges will analyze about 10 per cent 
“to-tal sugars, 4| per cent of which is cane sugar, the re- 
i^ntainder being a mixture of other fruit sugars. Navel 
03ra,nges contain about 1 per cent of citric acid. Lemons 
ciontain about 2 per cent total sugars, of which ^ per 
oejxit is cane sugar, and 7| per cent of citric acid. 

Harvest Season 

In California, oranges and lemons are harvested through- 
o lat the year. The orange season begins with Navels about 
ISTovember 15 in central California and moves south- 
W'a.rd. The last Navels are shipped from southern districts 
a^bout May 1. During May and a part of June miscel- 
laneous varieties including seedlings and some late Navels 
gathered and shipped. The Valencia harvest begins 
in central California in June and continues southward, 
t-lxo last of the crop going forward from the coast districts 
in November and thus overlapping the Navel crop of the 
next season. ‘ 

Lemon trees are picked over once each month or about 
t:eii times a year, the trees bearing fruit in all stages of 
growth from the blossom to the mature fruit at all times. 
Lemons should not be allowed to ripen on the tree. They 
should be picked when they have reached a diameter of 
inches in summer and 2^^ inches in winter and 
spring, regardless of color. 
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Longevity 

Citrus trees are naturally long lived. If planted on 
deep, rich soil and given good care, they should bear profit- 
ably for fifty years or more. Much has been said in print 
about a natural limit of profitableness in the case of the 
Navel orange. This limit is sometimes placed at twenty- 
five years. The writer believes this to be a mistake. 
Navel oranges as well as other kinds of citrus will live 
and produce generous crops to a very great age, provided 
they are growing on deep, fertile soil and are well cared 


CHAPTER IV 


VARIETIES 

As stated in a previous chapter, the first oranges grown 
in California were seedling sweet oranges. Unlike the 
apple and peach, the sweet orange will come fairly true 
from seed, the fruit from practically all seedlings being 
marketable. Each tree, however, varies from its neigh- 
bors in many minor characters, such as size, productive- 
ness, season of ripening, seed content, flavor, and shipping 
qualities. The fruit from an orchard of seedlings lacks 
uniformity, which is one of the chief requisites of a com- 
mercial fruit product. Seedling trees grow very large, 
so large in fact that it is expensive to gather the fruit and 
often difficult or impracticable to inclose the trees in fumi- 
gating tents. For these and other reasons the old seedling 
orchards have been gradually cut down and replaced by 
budded trees or top-worked to improved varieties, until 
at the present time comparatively few remain. 

During the transition from seedling to budded orchards 
the question as to which of the many varieties available 
would prove the most profitable was a favorite subject for 
discussion. 

By 1885, enterprising nurserymen had introduced most 
of the important varieties of the world, and these were 
F 65 
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tested alongside many local seedlings of special merit. 
Probably as many as one hundred different varieties were 
given trial. At the early citrus fairs such imported vari- 
eties as the Du Roi and Pernambuco were to be seen exhib- 
ited side by side with California productions such as 
Asher’s Best and Bostram’s Prize. The elimination of the 
less profitable varieties took place rather rapidly, and by 
the year 1900 we find the Washington Navel orange oc- 
cupying more land than all other varieties of oranges com- 
bined. At this time the two fittest survivors, the Navel 
and Valencia, dominated the field. 

DESCRIPTIONS OF VARIETIES OF ORANGES 

Washington Navel {Bahia, Riverside Navel). — Form 
rounded, slightly tapering at apex, somewhat longer than 
wide ; small umbilicus ; size variable, 2| to 3| inches in di- 
ameter; color orange when grown near coast, deep orange 
when grown in interior valleys; juice abundant, orange 
colored; flavor excellent, acid and sugar well blended; 
vesicles large, spindle shaped ; skin | to | inch thick, varying 
from smooth to pebbly ; size of secondary orange under 
umbilicus variable, often f inch in diameter. Seeds none, 
except in very rare cases. 

Tree semi-dwarf, vigorous, very precocious, prolific, 
thornless or with thorns only on vigorous shoots ; appearance 
of blossoms normal except for the fact that the anthers are 
cream colored and contain no pollen whatever. Introduced 
from Bahia, Brazil, 1870, by the late Williim Saunders, then 
in charge of U. S. Government propagating grounds at 
Washington, D. C. 

The Washington Navel well deserves the title ^"King of 
Oranges. Under the dirpatic conditions of California and 
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Arizona this variety approaches very nearly to the ideal 
orange. The dry air, bright sun, and cool nights, operating 
in conjunction with the skill of the grower and packer upon 
the natural qualities and character of this orange, have made 
it the greatest commercial orange in the world. These 



Fig. 16. — The earliest known illustration of a Navel orange. From 
Ferrarius’ “ Hesperides,’' 1646. 

thornless trees combine heavy and regular yields with a 
high color of the fruit, a silkiness of texture, and a general 
finish which is almost perfect. It is solid and full of juice 
of exceptionally -high flavor, but it is entirely lackir^, in 
seeds. It is a very good keeper and travels well to the most 
distinct markets. It possesses moreover a natural trade- 
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mark, in the shape of a navel-like mark, which is beyond 
imitation and which is of great market value. More than 
eight million boxes of Washington Navels are now being 
grown and shipped out of California annually, and the prices 
received are encouraging a rapid increase in acreage. 

In California, the Washington Navel reaches its highest 
development in quality on the gravelly soils of the foothills 
in the warmer interior valleys. The yield, however, is not as 
heavy as it is near the coast, where the finiit tends to ripen 
later. On the deep heavy soils of the coast country, the 
skin tends to be somewhat thicker with a rougher surface 
and paler color. 

One characteristic of the Washington Navel is its tendency 
to sport or throw out occasional branches bearing fruit of a 
different type. By far the larger number of these sports 
are retrogressions, and careless cutting of bud-wood for prop- 
agating purposes from trees containing such sports has re- 
sulted in a great lack of uniformity in existing orchards. 
Occasionally sports are found which possess some character 
of supposed value, and by the propagation of these new 
varieties have appeared. Among such offspring we note 
the following : Thomson, Buckeye, Navelencia, Nugget, and 
Australian. 

Thomson. — Fruit of medium size ; skin thin and very 
smooth in texture ; ripens early. The quality of the Thom- 
son is somewhat inferior to the Washington Navel, but it 
has a superior appearance. For certain markets in some large 
cities where appearance rather than quality determines 
demand, it commands a premium of from twenty-five to 
fifty cents a box over the Washington Navel. For this 
reason, it is being grown on an increasing commercial scale. 

%e Thomson was introduced by A. C. Thomson of Duarte, 
Los Angeles County, about 1891, and is generally thought 
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to be a bud sport from the Washington Navel. Consider- 
ing the story told by Mr. Thomson of his method of pro- 
ducing this form, it is possible that it may be a periclinal 
chimera ! 

Buckeye. — Fruit medium in size with peculiar bands or 
ridges of deeper orange color; skin smooth and of fine 
texture; ripens early. Introduced by R. M. Teague at 
San Dimas, California. 

Navelencia . — Fruit medium to large, smooth and thin- 
skinned ; season said to be somewhat later than Washington 
Navel; more susceptible to frost than Washington Navel. 
Originated by A. C. Thomson, at Duarte, California. 

Nugget. — Fruit oblong, medium in size, smooth, solid, and 
thick skinned, often with an objectionable but characteristic 
crack or slit in the skin on one side ; young twigs slender 
and willowy, tree umbrageous with very brittle wood. 
Originated by J. P. Englehardt at Glendora. Introduced 
by R. M. Teague at San Dimas, California. 

Australian. — Fruit very variable, rough, coarse ; navel 
often closed; skin thick, especially near stem end. Tree 
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Ms nursery near Palatka, Florida. Parsons sold some of 
these trees to E. H. Hart, of Federal Point, Florida, who 
gave the variety the name “Hart’s Late” or “Hart’s Tar- 
diff.” Fruit was first exhibited before the Florida Fruit 
Growers’ Association on April 25th, 1877. 

A. B. Chapman, of San Gabriel, California, imported a 
number of varieties of citrus from Thomas Rivers about 1870- 
72. One variety labeled Navel, turned out not to be a Navel, 
but of distinct value on account of its ripening very late in 
the season after other varieties were off the market. Finally, 
at the suggestion of a Spanish laborer, Mr. Chapman called 
the orange “ Valencia Late ” and many trees were propa- 
gated and sold under this name. 

California nurserymen early secured stocks of Hart’s 
Tardiff from Florida, and many thousands of trees were 
planted. When it became evident that these were the 
same as the Valencia, the latter name was adopted and 
is now used exclusively in California. This name has 
become so well fixed in the trade and market reports as well 
as in the every-day speech of the people that it is idle to 
attempt to change the name in order to conform to the rules 
of horticultural nomenclature. 

The fame and popularity of the Valencia orange has been 
greatly advanced in California by the wonderful record made 
by a superb orchard of this variety owned by C. C. Chapman 
at Fullerton in Orange County. 

Mediterranean Sweet. — Form round or somewhat flattened ; 
size medium to small ; color deep orange ; skin of fine texture ; 
juice abundant, very sweet ; seeds few, small ; season April 
to May; tree semi-dwarf with small narrow leaves very 
thickly set, almost thornless. 

Introduced and renamed by T. A. Garey of Los Angeles 
about 1870. Secured from Thomas Rivers of England. 
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the California conditions. Many seedlings were raised also, 
most of which proved disappointing in some important 
respect. At present new plantings are limited chiefly to two 
varieties, the Eureka and the Lisbon. While a few old 
orchards of Villafrancas are still maintained, but few are 
being planted. The Eureka is rapidly gaining in popularity 



Fig. 18. — Eureka lemon, uncured. 


over the Lisbon and it appears that this will soon be the 
only variety planted on a large scale. 

Eureka. — Form oblong, apex nippled, base tapering ; size 
medium ; rind smooth, glossy, sweet ; juice abundant, 
clear, strongly acid, flavor good; seeds few, often none. 




74 


fruitf 



h - 

HI 


■ I 


.1, II. Kmilllllll* ill lill Ft! Swirly 

lit i Vivillll ill ii*|% iitif «»f flir KiiirSi jjrt' 

i** rtirly 

lif*iiriiigi 1111*1 |ir**|trr!v itmunl f*i rfi«irini»i| ^ rr^*|i% mlirn : J 

if i'filiirH ifitii fiill hriirilii:, it.% ■ lft« iiii4 : i 

HiililllC **f IiiimiiH lill flir ymr. in r«i|i|. i 

fHimtivrly fm- Tlir ni»irrfi»im mr iii innirnry ' 1 

t*i i^rt it^ fruit *»« t!i«^ ti|i« i#f tlir liniiirlir^. iifNi tlir uu iiiifiiism 1 

In fffiw mm*^- liilti l>iit frw htrmh mu4 t«* il’i lrfi\'ri - 1 
iiii tlir Iiifsic *»r bri»fi*4ir%* ifiii^ ym^mg ilir UmU-* im4 ' I 

fruit tiMi lliurli t«t tlir Iml rity-'^ r»f llir -Jitiii m tfir lini|.|^f ' | 

Imii i»f miiiiwT.** ■ S 

Till* Kiirrkii lrfu*»ri miptmtml fr**m ii w«l |4*iil-ri| mk'Uit ■ ' 

18711 liy (\ H, Wnrktfifai ifi -Xn-04r%.. iiu«l Frw* 

Inn lM*giifi tn |irn|iiigiilr it , luil Inlrr m'*M nil flir In Tfiriliii# 

A, Ilf tdPi wl'in it riiirtiS%^rly 

unlil it tifilirr tlir uitiiir Kiirrkfi. 

‘ Fnriii nlikutu nr 

willi II r}liiriM»trri.»lir rrm^r- in *iiir ^i4«* «f tlir 
tfi|U*riiig Miuiffily tii mly%, mliirli i* Ifirgr * riiit| tliin, 
iwrrl; Jiiirr ftliiiUfliiiil, rlrar, »ii«l ?»irftii|ily , -mmk 

fi«w, wriiiiiirirs iinur; irt^r krgr* m 
fnfiEgr lliirlcly «»t« iinl llpirtiy, 

Tlin Ii4iwi hmtn iin friiii iiiiifnrinly ilirwiiglimil lit# 
iwr. Ilir tirivy fnliitur llir fniil frwm mtiilnim. 

Tin* Iviiilrnry » In \mtf niir kru# 1 ^ 1*11 fiwturifig $11 nmilrf, 
willi m mmit aiiiniiut ut -Mitiiiiirr fniii. Iiiipiiliitwl 
Kiiriiji#* 

Filn/riiwfii. **lAffiu tililmig* 4igliily at ili# 

rttil, iifiil tliiu, miilmiit my ifm^ nf 
mM itoiiif, Jtiiny: tirarly 1W alwn^i ; 

lir«irli« ^mmUnu niwt Miiurwliai Anmpnm^ tPty | 

ntiiiiiitwit, witirli imitwln ili# fmlt tm^m 11# ; 


f I 



Varieties 


75 


tree is a strong grower and is considered less susceptible to 
cold than most varieties. Introduced from Europe. 

“The advantages claimed for the Villafranca are that it 
makes a more compact tree and bears its fruit more uni- 
formly over the entire tree, but it requires at least one year 
longer to come into bearing, and the fruits on young trees 



Fig. 19. — Lisbon lemon, uncured. 


are shorter when they have the requisite diameter for picking 
than either the Eureka or the Lisbon.’’ ^ 

Other varieties still to be found in old orchards and collec- 
tions are Bonnie Brae, Genoa, Sicily, Messina, and Milan. 

POMELOS 

Marsh, — Form flat or obovate ; size small to medium ; 
color light yellow ; rind smooth, variable in thickness ; juice 
^ Belong, “Culture of the Citrus in California,*' p. 167. 
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Fig. 20.— -Seedless pomelo, flowers and fruit. B>om Volekamer'i 
“Hesperides,” 1708. 

abundant ; flavor fair ; pith large, open ; seeds none or oiw 
to six; season March to July or later; hangs on trees wel 
all summer. 

According to Hume,^ this variety was introiliiced by C. M 
^ “ Citrus Fruits and Their Culture, p. 120. 
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Marsh of Lakeland, Florida, about 1895 or 1896. The original 
tree was a seedling growing in Lakeland, and was at the 
time of the freeze fully sixty years old. 

The Marsh is the chief variety of pomelo grown commer- 
cially in California and Arizona, although the following may 
be occasionally met with and are doubtless deserving of a 
wider planting. While seedlessness is a very desirable 
character in a fruit, it should not be allowed to outweigh such 
characters as flavor, juiciness, and quality. California is in 
need of a variety of pomelo better suited to the conditions 
than any now available. 

Nectar (Duarte Seedling). — A seedling tree brought from 
Florida and fruited at Duarte, California. The fruit is 
round and solid with smooth skin of pale yellow color. The 
seeds are few and the flavor excellent. 

Duncan. — A flat fruit with rather thick skin and flesh 
of grayish green color, seeds few, season late, quality good. 
Introduced from Florida. 

Triumph. — A fine-appearing fruit and full of juice as 
well as seeds, of which there are many. Somewhat lacking 
in flavor. 

Imperial. — Size medium to large, rind very smooth, 
medium thin, and of fine texture ; little rag ; juice abundant 
and of fine aromatic flavor. R. M. Teague says of this 
variety : It is one of the best keepers and shippers. The 
tree is a strong upright grower and a heavy cropper.’’ 

Colton (Colton Terrace). — A seedling grown at Colton, 
California. Size medium to large, heavy, subacid, and deli- 
cately bitter ; seeds many ; skin smooth ; oil cells very small ; 
light lemon color, turns slightly orange color when mature. 

Pink~fleshed. — A prolific variety imported from Cuba. 
Flesh deep pink, coarse, and of poor quality. Seeds many ; 
tree very large and ornamental. 
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of the branches ; somewhat thorny. Parent tree raised from 
seed by Col. George L. Dancy at Buena Vista, Florida. In- 
troduced into cultivation about 1872. 

Satsuma (Unshiu). — Size small to medium, 2 to 3 inches 
in diameter; shape flat, a little pointed next the stem; 
color bright orange; skin rough, wrinkled next the stem, 
very loose and easily separated from the flesh ; core, almost 
none, represented by a cavity often three-eighths inch in di- 
ameter in center ; seeds none ; flesh orange color, darker than 
the skin, not so juicy as some; flavor very sweet,* rich, 
very aromatic, peculiar ; quality very good ; season early. 

This variety is thornless and a dwarf grower. It will 
endure more cold than any other variety of edible citrus 
fruit except perhaps some of the hybrids mentioned below. 
Should be worked on Citrus trifoliata stock or sourstock. 
Introduced from Japan about 1876. 


MISCELLANEOUS VARIETIES 

Swingle-Webber Hybrids. — In 1892, W. T. Swingle and 
H. J. Webber of the U. S, Department of Agriculture under- 
took to produce new and improved varieties of citrus fruits 
by hybridization on an extensive scale. Several new types 
have been produced, examples of which are Citranges and 
Tangelos. The citranges are crosses between the common 
sweet orange and the trifoliate orange. The Rusk, Willits, 
Norton, Colman, Savage, and Rustic have been described. 
The fruits of these hybrids are intermediate in character 
between their parents. They are not nearly so good as sweet 
oranges, but they may be used for making soft drinks, pies, 
and marmalades. Their special advantage lies in their re- 
sistance to cold, which enables them to grow a hundred miles 
or more beyond the northern limit of the sweet oranges. 


80 


Citrus Fruits 



In California they are as yet grown only as specimens for 
exhibition purposes. 

The Thornton is a loose skinned tangelo which resulted 
from crossing the pomelo and tangerine. The juice is sweet, 
lacking the bitter of the pomelo. The Sampson tangelo is 
the result of crossing the pomelo with pollen of Dancy. 
The skin is loose like the tangerine, l)ut the flavor 
includes some of the bitter of the pomelo. The Weshart and 
Trimble are crosses between the Dancy and Parson Brown. 



Fig. 22. — Satsuma Mandarin orange. 


The fruits are larger than the Dancy, which they resemble 
otherwise. 

Several thousand hybrid seedlings of several generations 
are now being growir by the Department of Agriculture 
and additional varieties of merit may come to light in the 
future. 

Citron. Citron is not grown commercially to any 
extent in California, although good specimens of the plant 
may be found in many parts of the state and there is at least 
one good-sized orchard. The tree is small in .stature with a 
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shrub-like growth. It is more tender to frost than the 
orange, but less tender than the lime. As early as 1880, 
experiments showed that California-grown citron, when 
properly processed or candied, was equal in every respect 
to the imported article. The consumption of candied 
citron in the United States is very small compared with 
that of oranges and lemons, and this probably is the main 
reason why so little interest has been taken in it. There 
appears to be no good reason why California should not 
produce all the candied citron consumed in this country. 
Most of the varieties of Europe have been introduced for 
trial. The Corsica appears to be one of the best. 

Shaddock. — The shaddocks are of no commercial im- 
portance. Occasional trees may be found in collections and 
in yards and gardens throughout the citrus belt. They 
appear to vary in resistance to cold, some being as hardy 
as the orange. The fruit is very large, round, oblate or pear 
shaped ; skin very thick, sometimes two inches thick ; seeds 
many or none ; flesh pale yellow or reddish, juice acid and 
often very bitter ; in some forms the young growth is pubes- 
cent. Trees ornamental, but not more so than the pomelo, 
which is both useful and ornamental. 

Lime. — Three kinds of limes are grown for home use to a 
limited extent in California. The Sour or West India lime, 
together with the Rangpur, are used for cooling drinks 
while the Sweet lime is eaten out of the hand like the 
orange. Limes have never been grown commercially in 
California. All but the Rangpur are very tender to frost, 
even much more so than the lemon. The Rangpur is said 
to be fully as hardy as the lemon. In the early days a sour 
form of Mexican lime was much planted as a hedge plant 
around orange orchards. They proved too tender for most 
localities and were difficult to fumigate and keep free from 
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scale insects. For these reasons they have mostly dis- 
appeared. 

Kumquat. — In California the kumquats are used chiefly 
as ornamentals, although a few find their way into 
the markets and an occasional small shipment is sent out of 
the state. They are especially suited to pot culture, when 
budded on CitriLS trifoliata root, and are convenient to move 
about as desired on verandas and in formal gardens. The 
fruit is small, about one inch in diameter, with sweet aromatic 
rind. The fruit may be eaten fresh or made into delicious 
preserves. The Marumi kumquat is most hardy to cold. 
It has round fruit, borne in great abundance, ripening in 
October. Twigs somewhat thorny. The Nagami kumquat 
is oblong, slightly pear shaped ; fruit golden yellow ; rind 
smooth, aromatic, and spicy. Tree thornless, slightly more 
tender to frost than Marumi. 

Sweet lemon. — This form of citrus is met with only in 
collections, as there is no market demand for a sweet lemon. 
It is a question whether this should be grouped with the 
lemons or with the oranges. The fruit is like a lemon in 
shape but the flowers are white like those of the orange. 

The Trifoliata. — In the early days this species was grown 
to a considerable extent in California as a hedge plant. 
These hedges have been largely done away with, and as the 
plant is not needed as an ornament, it is rapidly becoming 
rare in the state. 


CHAPTER V 


THE CITRUS NURSERY 

The day of the seedling orange grove is past in Cali- 
fornia, Now all trees for new plantings are budded 
as a matter of course. Many of the large planters prefer, 
and find it highly profitable to grow their own trees. Yet 
the business of raising citrus trees for sale has reached 
large proportions. Citrus nursery stock not only fills 
the home demand, but is shipped in large quantities to 
many foreign countries, 

THE SEED-BED 

The first step in the production of a citrus tree is the 
raising of the root or stock upon which the desired variety is 
to be budded. The comparative value of all the different 
stocks will be discussed in Chapter X. We will simply 
say here that at present the demand is about as follows : 
sour-stock, 85 per cent ; sweet-stock, 9 per cent ; pomelo, 
5 per cent; and all others, 1 per cent. Sour-stock seed 
comes from the wild thickets of Florida and Cuba, and is 
sold in California for from $30 to $50 a bushel. Between 
five and six hundred bushels of sour orange seed was 
planted in California in the year ending June 30, 1913. 
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The lath are usually nailed to cross pieces in sections of 
suitable size to be handled by two men. The shelter rests 
about eight feet from the ground and the lath should run 
north and south. 

The soil for the seed-bed should be deep, sandy loam, 
free from stones and well-drained. Virgin soil is best, 
but if that is not obtainable, good, rich grain land will 
answer. It should of course be worked up into a fine 
state of tilth, leveled, and slightly firmed with a light roller. 
If dry seed is used, it should be soaked for twenty-four 
hours before planting. If the bed is to be irrigated by 
running water through furrows, the ground is laid off in 
rows twelve inches wide with very shallow furrows about 
eight or ten inches wide. A broad, shallow, slow stream 
of water is needed to soak through such rows. The seed is 
planted broadcast on these wide rows, every sixth row being 
left vacant for a walk. In case the bed is watered from 
above by automatic sprinklers, as is usually the case, 
the seed is broadcasted over the entire surface of the 
ground except for a twelve-inch path every ten feet. In 
some cases the seed is simply planted about one inch deep 
in the loose soil and then thoroughly watered. In most 
cases, however, the seed is gently pressed into the soil 
with a board and covered from § to 1 inch deep with 
clean coarse river sand especially provided for the purpose. 
This covering of sand prevents the ground from baking 
and also keeps the surface dry. The seeds are placed 
about one inch apart each way and if half of them or even 
an average of thirty to the square foot grow, the stand is 
considered satisfactory. 

One of the greatest dangers to the seed-bed is the pos- 
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th brown-rot gum-disease. In such cases they will 
ude gum just above the ground and may be girdled 
-d killed. Where there is any large amount of such 
.Earning, a thorough spraying with bordeaux-mixture 
recommended. Sour-stock is very resistant to gum- 
sease in the orchard, but this is not always the case in 
e seed-bed. 

When seed-bed stock is to be dug, the soil is first thor- 





ighly wet, the roots slightly loosened with a long tined 
)ading-fork, and the plants drawn by hand. A varying 
roportion of the plants will have a crooked or Z-shaped 
ip-root known as '' bench-root."^ When the seed-coat is 
)iJLgh, the root has difficulty in piercing it and often makes 
jveral turns before getting out. This may be partly pre- 
ented by soaking the seed over-night before planting. 
11 such plants are inferior and should be discarded. All 
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at the seed-bed should be cut back about fifty per cent. 
These small plants which escaped the trimmer's hatchet 
are almost sure to die unless headed back in the same 
proportion as the others. 

Budding stock handled as described, and properly culti- 
vated and irrigated, should be large enough to bud at the 
end of one or two years, usually eighteen months. An 
application of about one-half ton per acre of special nursery 
stock commercial fertilizer will save time in growing tlie 
plants to budding size. Every effort should be made to 
encourage a vigorous growth. It is false economy to 
bud seedlings which are too small ; the ideal size being 
from I to inch in diameter three inches from the 
ground. 

PROPAGATION • 

Many writers make the statement that citrus trees are 
propagated by budding, grafting, cuttage, and layerage. 
This is somewhat misleading, inasmuch as budding is the 
universal method employed in America. Lemon cuttings 
may be made to root, but orange cuttings are so difficult 
as to be out of the question entirely. The few lemon trees 
that have been grown from cuttings have been inferior 
and have mostly passed out of existence. Layering 
is never used and grafting is very rarely resorted to except 
in the case of old trees which have been frozen to the 
ground. Most old trees which are top-worked are budded. 
The writer has seen buds successfully placed directly into 
orange trunks which were a foot and a half in diameter, 
although such a practice is rare and not to be recom- 
mended. 
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Cutting Bud-wood 

The success of the 
citrus orchard depends 
to a very large extent 
upon the care used in 
cutting the bud-wood. 
This is due to the fact 
that a certain propor- 
tion of the trees in 
many orchards belong 
to undesirable types. 
This particular phase 
of the subject will be 
reserved for a more 
extended discussion in 
Chapter VII. SujSSce 
it to say here that too 
much pains can hardly 
be taken in selecting 
the mother trees from 
which the buds are to 
be cut. 

I Citrus buds should 
I be cut from round, 
I plump wood taken from 
I the fruiting branches. 
It is usually easy to 
find plenty of suitable 
bud-wood on lemon 
trees, but with oranges. 



Fig. 27. — Orange bud-wood. ‘ 
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and especially Navel oranges, this is often difficult for 
the reason that the best trees are devoting their CTiergies 
to bearing rather than to growing plump bud-sticks. J he 
small angular fruiting twigs are not large enough to use^ to 
advantage. On this account it becomes necessary to give 
Navel mother trees a preparatory pruning a year before the 
buds are wanted. The trees are thinned out and cut back 
uniformly in all parts in order that there may be a more 
vigorous growth of fruiting wood. This pruning should 
not be carried too far or water-sprouts may result. Bud- 
sticks about a foot long and the size of a lead pencil made 
up of one- and two-year-old wood is best. Current growth 
is too tender and three-year-old wood contains many blind 
buds or buds which will be very slow to start. Uniformity 
in starting the buds is much to be desired, and the more 
care is used in collecting buds of the same degree of matu- 
rity, the more uniform the nursery will be. The leaves 
are cut off, leaving a short stub for a handle. The cutting 
may be done in mid-winter and the accumulated wood 
buried in slightly moistened sand for two or three months. 
The wood will cure and callous on the lower end, and cured 
wood is supposed to give more uniform results. Most 
budders prefer to keep the bud-wood in boxes of moist 
sphagnum because the sand will dull the budding knives 
unless the wood is carefully washed. It is not necessary 
to cure the buds, but it is often more convenient to cuit 
the buds all at one time and keep them until used. It is 
best to select bud-wood as free from thorns as possible for 
the reasons given in Chapter III. 

A great deal of argument has been indulged in over the 
question of whether buds from sucker growths or water- 
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sprouts are as desirable as buds from the fruiting brush. 
It is unwise to use buds from rank growing water-sprouts 
because an excess of food is one of the chief causes of 
variation ; and as these buds have a great excess of food, 
they are somewhat more likely to grow into sporting trees 
than are buds from fruit wood. This does not mean, how- 
ever, that good trees have not been grown and may not 
again be grown from sucker buds. We simply take the 
position that it is an unwise policy for the reason given. 

Time of Budding 

Citrus stock may be budded at any time of the year or 
whenever the bark will slip, but the best time is during 
the months of October and November, in which case the 
buds usually remain dormant until spring. Stocks upon 
which the buds fail, may be rebudded in April or May. It 
often happens, unfortunately, that a certain proportion 
of fall set buds start into growth immediately, thus ex- 
posing a few inches of very tender growth to the dangers 
of winter. In such a case, the number of orchard heaters 
set in the nursery should be increased and the fires started 
at the first indication of frost. 

Method of Budding 

In California, the usual method of insertion is the shield 
or T method. The bud-stick is grasped firmly with the 
tip toward the operator. With a very sharp budding knife 
the bud is cut by inserting the blade about one-half inch 
below and drawing it beneath the bud and out about 
one-half inch above, thus cutting a bud about one inch 
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long. The bud is held firmly between the thumb and 
the knife blade while a slit is cut in the bark of the stock 
about three inches above the ground and one-half inch 
long. At the top of this slit, a cross cut is made with the 
edge of the blade of the knife inclined downward. The 
bud is then inserted in this slit, being careful to have 
the leafscar or bottom of the bud down. The back of 

the point of the knife 
is then placed on the 
leafscar and the bud 
pushed down until 
the upper end is be- 
low the cross cut, 
and in any event un- 
til the pressure of the 
bud begins to split 
the bark beyond the 
previously made 
slit. A strip of waxed 
cloth is then wrapped 
quite firmly around 
the stock five or six 
times so as to cover 
the bud completely. 
Some budders prefer to leave the eye exposed but this is 
not necessary. Buds are usually set on any side as re- 
gards the points of the compass, or in other words, the side 
most convenient to the budder. The bark usually slips, 
and the buds take better, directly under a small branch • 
Some budders prefer to use the inverted T method. 
The cross cut in the bark of the stock is made lower and 
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able m onler ti, avtud gimwliscase ii.ftH-iiim, which 
comtm from the stiil. If, on the other hand, finds are 

«no ** *’'"'*'*^‘** »*kIv toiiik will result. 

While high hutldtal tna-s arc less tsanely niul ifo not sell 
as well on aemunt of the crtK.k in the tniiik, .still they are 

the more to Im: d«siml, csjxxdally wheii intemhsl to l«j 
8 


98 


Citrus Fruits 


planted on heavy soils or near the coast, where gum-dis- 
ease is prevalent. 

After about ten days, the buds should be unwrapped and 
examined. If they have taken, as evidenced by a grayish 
line of callous tissue forming around the edges, the wrap- 
pings are loosened, to be removed entirely after about 
thirty days in the case of the fall buds and twenty days 

in the case of spring 
buds, or whenever 
the bud is well 
healed. 

In the case of fall 
buds which have re- 
mained dormant, as 
they should during 
winter, the tops of 
the stock are cut 
back in the spring to 
within six inches of 
the buds in order to 
increase the sap pres- 
sure and force them 
into a more uni- 
form growth. The 
f promptness with which a bud starts depends to some 
extent on its age and position on the bud-stick. Uni- 
formity of growth is greatly to be desired in the 
nursery, and such cutting back tends to force all the 
buds to start more nearly at the same time. The six 
inches or more of stock which is left affords a (certain pro- 
tection to the young shoot and reduces the possibility 



Fig. 30. — Inserting bud. 
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of the bud being involved in any dying back which may 
occur. After the young shoot has grown eight or ten 
inches the stub of the stock is sawed off smoothly, the 
edges trimmed with a sharp knife, and the cut surface 
covered with liquid grafting wax. 

In the case of spring set buds, the same custom prevails 
except that some- 
times the stocks are 
only partially cut 
back at first. With 
late set buds there 
is sometimes a dan- 
ger of the superabun- 
dance of sap during 
hot weather drown- 
ing out^’ the buds if 
all the top of the 
stock is removed too 
suddenly. Occasion- 
ally the tops are 
lopped or cut half 
through and bent 
down in the middles, 
in order to gradually change the flow of the sap. They 
are removed entirely after a month or six weeks. 

Citrus budding is often done by expert budders by con- 
tract at about $10 a thousand, the budder guaranteeing 
a 95 per cent stand and furnishing his own buds, wrapping 
cloth, and the like. Eight and a half dollars a thousand 
is a common price when buds are furnished. This of 
course applies to regular fall budding. 
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Training the Young Tree 

In order to insure a perfectly straight trunk the young 
trees are trained to stakes. The stakes may be set soon 
after the buds have started growth. The stakes used in 
California are ordinary building laths. They are driven 
into the ground close by the stock on the side next the 
scion. As the young shoot grows it is tied to the stake 
with soft rafEa. A tie is made every three inches, the 
raffia being drawn up snugly under a leaf. The rough 
unfinished surface of the lath is an advantage, as it pre- 
vents the raffia from slipping down. Careful attention 
to tying is necessary in order to secure straight trunks. 
While going over the trees for tying it is also necessary 
to remove any side branches which may put out, as well 
as the numerous suckers which arise from below the bud. 
These sprouts should be rubbed off with the thumb while 
still very young, and this necessitates going over the trees 
every three or four weeks during the first summer. 

Nursery trees should be allowed to grow three feet tall 
and then headed back to 27 or 30 inches. This will insure 
the main branches being set upon stronger wood than if 
the terminal bud was pinched as soon as it reached the 
desired height. Branches which are to be the framework 
of the future tree are encouraged to put out on all sides 
and distributed over the upper twelve inches. From 
three to six main branches are sufficient. The old custom 
was to allow the framework branches to arise from 
near the same point. Experience has shown that such 
branches split down badly and require much bolting when 
the trees grow old. This is being abandoned, especially 
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Fig. 32. — Orange buds in nursery row tied to lath stakes. 

Often a tree will make several growths before it reaches 
the top of the stake. The end of each growth is marked 
by a ring or node of thickened tissue. There is a wide- 


with lemon trees, in favor of the less comely but more de- 
sirable distribution of main branches. 
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spread belief that a tree with several of these nodes on the 
trunk is to be preferred to one which made one growth to 
the top of the stake. The reason assigned is that it indi- 
cates slow growing and heavy fruiting qualities. It is 
doubtful whether there is sufficient basis in fact for this 
belief, although there are some arguments in its favor. It 
is not unlikely that in the case of the Washington Navel 
orange there may be some correlation between the num- 
ber of nodes and fruitfulness, but this is probably not the 
case with lemons. 

The citrus nursery should be thoroughly cultivated and 
irrigated and the trees kept in vigorous growth. Com- 
mercial fertilizer should be applied liberally, usually a 
ton to a ton and a half to the acre of a complete fertilizer 
high in nitrogen. One or two years are required to grow 
a marketable tree. We find, therefore, that a total of from 
four to six years is required from planting the seed to set- 
ting the trees in orchard form. 

Trees are graded and priced according to caliper measure- 
ment one inch above the bud. Well-grown one-year trees 
are often acceptable, but usually two-year trees are much 
better. Prices in California vary from fifty cents to one 
dollar and a quarter a tree. 

PREPARING TREES FOE SHIPMENT 

Citrus trees may be dug with naked roots, cut back to 
the trunk, shipped long distances, and planted with perfect 
success ; but on account of the fact that it is difficult to 
always see that the tender roots are not exposed, there is 
much loss from the carelessness of laborers, and the 
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custom of balling trees has become general in California. 
Balled trees are much less perishable, may be handled with 
more assurance, do not require all the top to be removed, 
do not need to be reheaded, and make a somewhat better 
showing the first year. On the other hand, the cost of 



Fig. 33. — Healing 6f the bud union. 


balling is great and the freight on thirty to forty pounds 
of earth with each tree adds considerably to the cost. 

It is recommended, therefore, that trees be balled where 
the distance to be transported is short or when inexperi- 
enced men are to do the planting. Where the owner is 
able to look after the planting personally the trees may be 
dug with naked roots and a considerable saving on freight 
and expense of balling will result. Where trees are to be 
moved only a short distance, as from one part of a ranch 
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to another, the following method is sometimes used. 
Short sections of ten-inch pipe are placed over the trees 
and driven into the ground, thus cutting all roots but 
the tap-root, which is cut with a spade. The trees are 


then moved and the core of earth containing the trees is 
slipped out of the pipe into the hole prepared, the pipes 
being used again and again. 

When trees are to be balled, a trench a foot wide and 
fifteen inches deep is dug alongside of a row of trees and 


Fig. 34. — Balling orange trees in the nursery. 


with careful work the tap-root may be cut and the tree 
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"While the state law, approved April 26, 1911, directs 
i-e Commissioner to collect books, pamphlets, and periodi- 
and acquire all possible information by correspondence 
►i* the furtherance of the horticultural industries, still 
Ls principal function is that of a police oiEcer. He i» 
y' virtue of his position the state horticultural quarantine 
Kcer, and as such is responsible for the rigid exclusion 
om the state of injurious insects and plant diseases, and 
ie prevention of any further dissemination of such pests as 
'e already established in certain localities within the state. 

In order to enforce the state quarantine law approved 
a^nuary 2, 1912, the Commissioner maintains an office 
ith a force of inspectors at San Francisco, another at Los 
ngeles, and a third at San Diego. These inspectors go 
a rough the cargoes of every ship arriving from any foreign 
ort or from Honolulu, and the baggage of every passenger. 
! any plants, fruits, or seeds are found to be infested with 
ijurious insects or diseases, they are fumigated at the 
«:pense of the owner, or treated in such a way as to kill 
a e pests. If this is impracticable, the plants are destroyed 
r, at the option of the owner, returned whence they came, 
n. some cases the State Commissioner may, with the 
written approval of the Governor, issue a quarantine order 
gainst certain fruits or plants from certain countries, 
aich articles are then considered contraband and, if an 
■fctempt is made to introduce them, are confiscated and 
estroyed by the inspectors regardless of whether they are 
af ested or not. 

The State Commissioner may appoint the County Horti- 
uiltural Commissioners or their agents special quarantine 
►flficers for the purpose of inspecting shipments coming 
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from the Eastern states or Europe and billed to interior 
points in California. The common carriers are by law 
forbidden to deliver to a consignee within the state any 
shipment of horticultural goods until such shipment has 
been inspected, declared free from pests, and formally 
released in writing by a duly appointed horticultural in- 


Fig. 35- A shipinGnt of dcfolisitGci borllod orflLiijgo troos. 

spector. The inspector may exercise his discretion in re- 
gard to the disposition of infested shipments. He may rid 
the .plants of pests by fumigation or other means and then 
release them upon payment of the costs ; or if in his judg- 
ment the infestation is severe or the pest particularly dan- 
gerous, he may destroy the goods or cause their reshipment 
out of the state. 

As an example of a quarantine order now in force we may 


liifriirtiliaml ami Qimranilttr 
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dtf Order So, 21, wliieh forhuls t!te nbipnient o! any af tlie 
flirty li>ited liciHt pIiiiitH «if the eitrun white lly, Alrtjmlm 
rltri and Alrymlm fiiihljrm^ frcaii Xiirtli C’arnliiiin Hiintli 
C’arnliiiii, (h^iirgia, Finrida, Aliilauini, .MinHiHsii'ipi, lami- 
HiaiMi, and iiitn the ntate nf C California, Utis ordc^r 

prevents C alifornia growers from sc^eiiring nursery stoek 
or scnons of new varieties in any of the ahovi* mentioned 
states. I!y siMtda! arrangenamt, Imwever, the eitnis seeds 
planted by nursiTynien wliicdi eome from Fhirida and <hiba 
are admittwl, providt*d they an* sent in (*are of some desig- 
nati*d agent of the C*f»mridssioti, w!io fumigates them be- 
fore delivery to <imsignt»e. 

Another cpianiiitiiie order preventH the irnportatioii from 
Hawaii of iniuigoes, oranges* iivoeados, and oth«*r fruits 
which are hosts of the Mediterratieau fruit fly, (^rratitm 
capiMM, Still another order forbids the sliipnient into 
California from Mejcieoof oranges, mitngoes, or other fruits 
which are luists of the Afexitan orange niiiggot, Tripria 
ludem. Them* latter, liowever, have now been Hnpersed«*d 
by national c|uiiriintine Girders. 

It has long the cnistoiii of the State <"ommisHioner 
of Horticmlture to bob! t%vo meetings eaeli year wbic*b are 
known as State Fruit (trowers’ f*fuiventhms. One meeting 
is usually held at some <*onveiderit |da(*e in the north<*rn 
part of the state iiml the other in tin* southern part. Hie 
prcKtetslings of tiiese eoriViUiliofiH are brought togettii*r, 
tslited, ptihlislied, arid eUHtrihiited free by tlie State Coiri- 
missiorier. The* meeting held at Davis in June, HIM, muin 
the forty-fifth such esm vent ion. Hie peirited proeeis!- 
ings of these eonventionH represeitf. a very fi*rt:ile soiiree of 
iriformation for the student of (*aIiforiiiii r*itrieulture. 
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THE COUNTY COMMISSIONERS OF HORTICULTURE 

The California State law providing for County Horti- 
cultural Commissioners has been amended many times. 
The present law, approved March 25, 1911, provides: 
that whenever a petition, setting forth the legitimate need 
for a Commissioner and signed by twenty-five or more 
resident freeholders who are possessed of horticultural 
properties, is presented to the county board of super- 
visors, said supervisors are required to appoint a County 
Horticultural Commissioner from the list of eligibles, who 
must have passed the examinations held by the state 
board of horticultural examiners. The term of the County 
Commissioner is four years. 

Many of the duties of the County Commissioner are pre- 
scribed by county ordinances, and these vary in the differ- 
ent counties. The Commissioner is usually required to 
keep informed as to the particular localities within the 
county where pest infestation is serious. He must have 
the orchards and ornamental plantings inspected, and when 
in his judgment the scale insects have increased in any 
orchard until they constitute a public nuisance, he must 
serve written notice on the owner to abate the nuisance 
by fumigating, spraying, or otherwise within a certain time 
limit. If this order is not complied with, the Commis- 
sioner may enter the premises and abate the nuisance, the 
cost of such work becoming a lien on the property. If the 
cost of the work is not paid, enough of the property may 
be sold at public auction to satisfy the lien. 

Such ordinances have been tested in the courts and 
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found constitutional, the acts of the County Commissioners 
being upheld in each instance. 

County Commissioners may appoint local inspectors 
in outlying towns and fruit districts within the county. 
The Commissioner also renders an annual report to the 
State Commissioner and a monthly report to the board 
of supervisors of his county. 

As special state quarantine officers it is the duty of the 
County Commissioners and their agents to inspect every 
shipment originating outside of the state, as well as those 
coming from other parts of the state which arrive in their 
territory. 

It is also the duty of the Commissioner to inspect every 
outgoing shipment of horticultural goods before it is ac- 
cepted by a common carrier. The law requires common 
carriers to accept only such packages or lots as bear a 
statement signed by the Commissioner or his agent 
certifying that the goods are free from injurious pests. 
We find, therefore, that every package of horticultural 
goods is inspected twice, once at the point of shipment 
and again at the place of delivery. 

THE NECESSITY FOB INSPECTION 

The question may arise in the mind of the reader as to 
whether this complex system of quarantine and inspection 
is worth while. The answer to this question may be found 
in the following quotation from California Experiment 
Station Bulletin No. 214, by H. J. Quayle. 

That insect pests are one of the important factors in 
the citrus fruit industry of California is shown by the fact 
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Fig. 36. — Two-year-old orange trees balled, ready for market. 

gation in one county alone amounts to $200,000 annually. 
Furthermore each county maintains a horticultural Com- 
missioner, and many of them a corps of inspectors, pri- 
marily on account of insect enemies, who are charged with 
the quarantine and inspection work, the cost of which in 
some of the counties may run as high as $25,000 annually. 
All of this vigilance seems to be warranted by thirty 


that more than half a million dollars are expended annually 
in their control. This amount includes only what is actu- 
ally expended in fumigation and spraying, and does not 
take into consideration the loss of fruit from improperly 
treated trees or trees not treated at all. The cost of fumi- 
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years’ experience of the most important fruit section of the 
United States. 

“ It has been estimated that the average cost of fumiga- 
tion per tree, taking the whole of the citrus belt, amounts 
to about 30 or 40 cents, which means an expense of approx- 
imately $30 to $40 per acre, and this is done on an average 
about every other year. This is intensive insect fighting, 
but when the unproved market value of the fruit is con- 
sidered, it is money judiciously spent with such a valuable 
crop as the orange or lemon."’ 

In conclusion we may say that the benefits of exemption 
from scale insects is clearly reflected in the prices asked 
for land and bearing orchards in scale-free localities. 
The annual tax of 15 to 20 cents a tree for fumigation is 
especially unwelcome and growers in scale-free localities 
do well to exercise every possible precaution to prevent 
the introduction and establishment of such relentless 
tax-gatherers as the insect pests and plant diseases have 
proved themselves to be. 


CHAPTER VII 


IMPROVEMENT OF CITRUS TREES BY 
BREEDING 

The production of citrus fruits in California and 
Florida is increasing at a rapid rate. The shipments 
from these two states for the season 1913-14 reached a 
total of about sixty thousand cars. Thousands of acres of 
young orchards are just coming into bearing, and the near 
future will undoubtedly witness a large increase in produc- 
tion. The problem of how to make a profit in the business 
in spite of the heavy production will loom large in the 
future. 

Undoubtedly a great deal may be accomplished through 
the marketing organizations by securing better distribu- 
tion of the fruit and increased consumption through proper 
advertising. Yet it is a fact that much loss is at present 
due to a lack of varieties which are well suited to the cli- 
matic and soil conditions under which they are grown, 
to ignorance in regard to adaptation of varieties, and to 
sports or aberrant forms which occur throughout the 
citrus growing districts much more commonly than is 
generally recognized. 

Through carelessness or ignorance in the selection of 
bud-wood many poor or even worthless types have been 
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propagated and widely planted. The poor financial show- 
ing made by many orchards is due largely to the prepon- 
derance of trees belonging to aberrant forms. 

While some progress may be made toward improved 
varieties through hybridization, the writer is strongly of 
the opinion that much better and quicker results are to be 
secured through the careful selection of desirable bud- 
sports which occur rather frequently on trees of the old 
standard varieties. 


HYBRIDIZATION 

The object of hybridization is to secure seedlings which 
combine the desirable characteristics of two or more parent 
trees. The flowers of the selected parent trees are cross- 
pollinated by hand, using great care in excluding foreign 
pollen. 

Cross-pollination is a very easy operation and may be 
performed successfully by any one willing to use a little 
care and perseverance. The structure of the citrus 
flower is very simple and a knowledge of the functions of 
the different parts is easily acquired by the study of the 
diagram at Fig. 14. The essential organs of the flower 
are the stamens and pistil. The anthers bear the pollen 
grains, each one of which when placed on the stigma will 
germinate and send a tube down through the style and into 
the ovary. The male nucleus from the pollen grain passes 
down through this tube and comes in contact with the 
female egg-cell of the ovule with which it fuses, thus bring- 
ing about fertilization and the combination of the charac- 
ters of the two parents. A separate pollen grain is needed 
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for each seed, and the parental characters may be com- 
bined in a different way in each case. After the ovaries 
have been fertilized they grow into viable seeds. It is 
not always necessary for citrus flowers to be pollinated and 
fertilized in order to produce fruit. The Navel orange for 
instance rarely contains seeds and on that account is 
known as a parthenocarpic fruit. 

When cross-pollination is accurately performed, it is 
necessary to place paper bags over the blossoms which 
are to be used as a source of pollen, before the buds open. 
This is necessary in order to prevent the possibility of the 
mixing of pollen by insects. The pollen may be gathered 
and dried on papers and stored in small bottles for use, 
but it is often convenient to cut the twigs, bag and all, and 
carry them to the tree which is to be used as a female 
parent. Large buds just ready to open should be selected 
and all the smaller buds and open flowers on the twig 
removed. The petals are pried apart with a small pair 
of forceps and an anther bearing ripe pollen is taken 
from a blossom within one of the bags and placed firmly 
upon the stigma, pressing it down into the drop of white 
mucilage. If no mucilage appears on the stigma, it is 
evidence that the bud is immature. The camelVhair 
brush commonly used in cross-pollinating fruits is not 
satisfactory in citrus work on account of the copious 
excretion of mucilage by the stigma. It is wise to cross- 
pollinate several buds on each twig, as many are apt to 
drop off. After the pollen has been placed on the stigma, 
the small immature anthers must be removed from the 
flower for fear that the pollen produced later by them may 
interfere with the results. In the case of the Navel orange 



'Hi nf ( iirm I rmn by Hrmiing 1 


Impn/rtm 


tliLH is mil twvi^mnry, an the nntherH do not proclufr 
After the operathm ban {H*«'n i-onipleted a paper 
hag slanild ht* placed over t.he twig and tied with ntring. 
After t%%*o or thrive weeks the j>aper bags may la* n*plimed 
by eheeserloth bags, whieh remain on till the* fruit is 
pic'k<*d for Ht*eeL 

The value of erosse's e>r hybrids prodtieesl in this way 
eannot be eletennineci for s(‘V(*nil velars, or until the iroos 
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have bcHui resrnl tei fruiting. By top-working buds tieken 
from the young Ht*e:*<ilitigH into old trees the fruit may 
be sc^cured earlier. 

The iiri|irovemerit of eitrim fruits by tliis rnetlicKl is vcTy 
slow and the results unca*rtain. Alorec^ver it is douldfiif 
whether an entirely tww variety of orangi* or lemon, lanv- 
evergcKKl, miild giiin miieh rmrgnition in ( alifornia in the 
face of the {lopularity of the Navel and Valeneia cininges 
and tin* Eureka lemon. The history of the industry in 
California has shown a constant eliiiiiitatif*n of varieties 
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rather than the acquisition of new ones. The 
field for hybridization work lies with the pomelos 
is at present no thoroughly satisfactory variety o 
suited to the climatic and soil conditions of C- 
The feeling of the growers in regard to better va. 
oranges and lemons was clearly shown some y 
when E. J. Wickson sent out a circular letter to d 
the most urgent needs along the line of citrus ^ 
The response of the growers was significant, 
plied that what was needed most was a Wa> 
Navel which would color earlier ; a Navel whic 
hang on the tree like a Valencia; a Navel th^ 
not split; a Navel that would not puff; and 
more hardy to frost. Some growers wanted a 
that would not turn green a second time, or a 
without seeds. 

The most expeditious way of securing the result 
by the growers is by selecting and propagating thci 
from the varieties mentioned which approach mo^ 
the desired types. Such bud variations occur q 
quently in citrus trees. They present a vast fiel< 
work of improvement of types. 

VEGETATIVE MUTATIONS OR BUD-SPORri 

Citrus trees, in common with other plants, are 
to vary in several ways. There are fluctuation 
stable differences which come and go in respoins 
various complex stimuli produced by changing c< 
of soil and climate, or, in other words, changes of 
environment. There are also sudden changes 1 
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mutations which result in new forms that are stable and 
form the starting point of new strains or varieties. 

Fluctuations are of two kinds, regular and fortuitous. 
As an example of regular fluctuation we may cite certain 
influences of climate and soil which produce substantially 


Fig. 38. — Washington Navel oranges showing fluctuations in the navel 
such variations cannot be preserved by budding. 


the same effect upon every plant of the same variety. 
Navel oranges grown in the hot Imperial Valley are much 
redder in color than those grown within the influence of 
ocean fogs near the coast. Oranges grown on light sandy 
soil are of larger size than those grown on stiff clay soil. 
Under the head of fortuitous variations may be included 
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many of the common malforms and monstrosities such as 
double oranges, oranges with protruding navels, fingered 
lemons, and various other teratological curiosities which 
may be found in the cull-heaps near the packing-houses. 

Mutations occur as sporting branches which show a 
different combination of characters from the rest of the 
tree. The immediate cause of mutations is not at present 
understood. They originate during the division of some 
single cell in the vegetative tissue which results in 
daughter cells containing the same determiners for char- 
acters but segregated and recombined in such a way as to 
produce characters visibly different from those of the 
parent stock. Thus appear new characters which, from 
the standpoint of the man who is growing the fruit, may 
be either valuable, neutral, or objectionable. 

When a shoot arises from tissue which has been formed 
by mutating cells, the shoot represents a new variety or 
sport variety which may be propagated by the ordinary 
method of budding. Sometimes more or less reversion to 
the old type occurs in the young trees. The cause of this 
has been observed to be due to the mode of origin of the 
sporting shoot. If the shoot arises from within the area of 
mutating cells in such a way that only these cells are used 
in the forming bud, then the resulting shoot will be com- 
posed exclusively of new cells and the sport may be prop- 
agated true without reversion. If on the other hand the 
shoot arises on the edge of the area of new cells in such a 
way as to include both kinds of cells in its structure, then 
there arises a mixed branch or sectorial chimera which 
may be expected to constantly produce branches of various 
kinds. Some will be like the original plant, some like the 
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new form, and some in turn will be mixed depending upon 
the kind of cells occurring at the point where each bud 
has its origin. The '' Nomadic Albinism described by 
Savastano ^ was probably a sectorial chimera. 










5 






Fig. 39. — Variegated sport. Note white areas in leaves. From 
Volckamer’s “ Hesperides,” 1695. 


Sectorial chimeras are not uncommonly met with in 
citrus trees. The writer has found excellent specimens 
in commercial orchards and some have been kept under 

^ An. del. Stazione de Agrum, e. Fruit. Vol. 1, 1911, XXIX, 
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constant observation and study for five years. A Valen- 
cia orange tree in an orchard near Whittier was evidently 
propagated from a bud with mixed cells, for it still bears 
year after year on all its branches both typical Valencia 
oranges and a small, very rough, and worthless mutation. 
A twig here and there will produce typical Valencias, while 



Pig. 40. — A variegated sport of Valencia orange. Notice white margin 

of leaves. 


others will produce curious mixed oranges having certain 
sectors of the fruits composed of mutant tissue. The 
owner of this tree endeavored to get rid of the worthless 
type by pruning it out, but mutant branches continually 
returned, and it requires frequent pruning to keep them 
suppressed. In this case the mutant tissue happens to 
occur irregularly scattered or mixed with the tissue of the 
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original form. Such a mixture has been called a hyper- 
chimera/’ ^ 

Mutations often occur in the cells which begin the 
formation of the minute ovaries in the blossom buds. As 
the ovary grows in size the mutation appears as a sector 
of the fruit which differs in color, ripening season, or thick- 
ness of skin from the rest of the fruit. Such curious 
fruits have been called spontaneous chimeras."'^ These 
striped oranges and lemons are often found by the pickers, 
who usually incorrectly attribute the phenomena to the in- 
fluence of cross-pollination. When we consider that these 
mutations are always formed before pollination takes place, 
the inadequacy of the theory of pollen influence is evident. 

When mutation occurs at the base of the ovary it is not 
possible to continue it by propagation as no buds occur 
on the fruit. When, on the other hand, mutation occurs 
on the trunk or branches in a position where an adventi- 
tious bud may arise, then propagation is easy. 

As before stated, many mutations showing various 
types of fruit and different bearing habits have occurred 
in the orchards, and through ignorant and careless cutting 
of bud-wood many of the worthless forms have become 
widely disseminated and now make up a considerable 
proportion of the trees in our commercial orchards. A 
vital need at the present time is a careful study of indi- 
vidual trees by each grower, who should determine which 
trees, if any, belong to unprofitable types and top-work 

WinMer, “Uber Propfbastarde und Pflanzliche Chi- 
maren/' Ber. Deuts. Bot. Ges., 25 : 568-576. E. Baur, “Propf- 
bastarde, PerikKnalehimaren und HypercMmaren/’ loc. cit.^ 27 ; 
603-605. 
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them to the most desirable types. In this way the aver- 
age cost of production may be greatly reduced. The 
great need for a study of the performance of individual 
citrus trees was emphasized by the writer in 1910.^ Since 
then many such studies have been made, by far the most 
comprehensive of which are those of A. D. Shamel.^ Out 

of a mass of ma- 
terial the follow- 
ing condensed 
quotations have 
been selected 
from the studies 
of J. H. Norton,^ 
formerly Super- 
intendent of* the 
Citrus Experi- 
ment Station at 
Riverside : 

“The Navel 
orange grove 

Fig. 41. — Sectorial chimera of Valencia orange. from which the 

following data 

are taken is located in West Highlands, San Bernardino 
County. The trees are the same age and the soil condi- 

^ Coit, J. Eliot, “The Relation of Asexual or Bud-Mutation to 
the Decadence of California Citrus Orchards,” Ept. 37 th 
California Fruit Growers’ Convention, 1910, p. 32. 

2 Shamel, A. D., “A Study of the Improvement of Citrus 
Fruits through Bud Selection,” U. S. Dept, of Agriculture, 
Bureau Plant Industry, Circular No. 77, 1911. 

® Norton, J. H., “Variations in the Productivity of Citrus 
Trees,” California Cultivator, Vol. XL, No. 10, 1913. 
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tions uniform. This grove contains 1525 trees planted 
90 to the acre. The trees are about 16 years old and the 
grove is considered somewhat above the average in pro- 
ductiveness, yet the trees vary in yield from nothing to 
426 pounds of fruit per tree. 

The following is the annual expense of this grove per 
tree: 

General care including taxes, water, pruning, 


and fumigating, $1.14 

Interest on Investment, 1«11 

Total annual expense per tree, $2.25 


‘^The fruit from this grove was sold for l| cents per 
pound on the tree. The trees that bore less than 150 
pounds of fruit were maintained at a loss, while those 
yielding more than 150 pounds paid a profit. This is 
graphically shown in Figure 44. 

The curved line represents the yield per tree in pounds 
arranged in the order of yield. The horizontal line AB is 
the Mead line,^ and any tree the yield of which falls 
below this line was maintained at a loss. The shaded 
part of the curved line shows the trees that the owner 
realized no profits from. The shading above the line AB 
is due to the loss sustained by the trees recorded below 
the line. There were 490 trees or 32 per cent that yielded 
less than 150 pounds of fruit. This loss was made up by 
the profits from the next 646 trees, that is, the profit from 
42 per cent of this grove was required to offset the loss 
sustained by 32 per cent- Seventy-four per cent of this 
grove therefore gave neither profit nor loss. This leaves 
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the net income to be derived from 389 trees, or 26 per cent 
of the grove. 

“The total yield of the grove was 280,254.5 pounds of 



Fig. 42. — Orange showing sectorial chimera. From Ferrarius, 1546. 

oranges which at I 5 cents a pound, gave a gross in- 
come of $4203.81. The expense was $3431.25, leaving a 
net income of $772.56 or an average net profit per tree of 
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51 cents. Could the loss due to the 490 poor trees have 
been eliminated without increasing the production per 
tree, then the net profits from the remaining 1035 trees 
would have been $1125.96 or $1.09 per tree as compared 
with 51 cents profit per tree which was actually the case.^^ 
The record of this West Highlands orange grove may be 
considered fairly typical of a large proportion of the 



Fig, 43. — What is known as the “wrinkled sport” of Eurcjka lemon 
compared with normal fruit. Both from same tree. 


groves in California. The differences of yield noted were 
due both to fluctuations and mutations, but the extreme 
differences were undoubtedly due to mutations. The 
average yield would be greatly increased by top-working 
those of the 490 poor trees which proved to be mutative 
to buds carefully selected from the tree which yielded 
426 pounds. Many of the most progressive growers 
now keep accurate performance records and top-work 
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the unprofitable trees as soon as they are discovered. 
In the case of the Australian and some other worthless 
mutations of Navel orange trees performance records are 
hardly necessary, as any experienced man should be able 
to recognize such poor types at a glance. I or the segre- 
gation of trees which represent undesirable mutations, 
whose chief difference is that of yield, the performance 
record is indispensable. 

There is no scientific evidence to warrant the belief 
that anything worth while may be gained by the selection 
and propagation of trees whose high yield is due to fluctua- 
tion. It is vital that the high yield be due to a true muta- 
tion in order that the type may be propagated and progress 
made. As a matter of fact, the standard type of Wash- 
ington Navel is normally a heavy bearer and the majority 
of mutations observed are retrogressive. It is chiefly 
to counteract retrogression that top-working is practiced. 
Occasionally, however, mutations of peculiar value appear. 
The Thomson and the Navelencia may be cited as exam- 
ples. It is not unlikely that a general increase in the 
amount of individual tree study by many growers may 
lead to the discovery of new mutations which may be of 
great value to the industry. For him who brings such 
mutations to light is awaiting both honor and financial 
reward. 

THE SELECTION OF BUD-WOOD 

The foregoing discussion emphasizes the fact that the 
selection of bud-wood is an exceedingly important matter, 
for if one does everything else in the most approved way 
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yet does not have the kind of trees which bear good fruit, 
he will not have good fruit. This question is of far greater 
importance in connection with citrus fruits than with de- 
ciduous fruits, for it appears that oranges tend toward 
mutation much more generally than apples or peaches. 
On account of failure to select buds with due care in the 
past, a surprisingly large percentage of bearing orange 
trees are unprofitable. The average orchard is a mixture 
of different types, some good, some bad. Every planter 
should either grow his own trees, or select his own buds 
and have a nurseryman grow the trees on contract, or at 
least buy trees from a nurseryman who has a reputation 
for carefulness in the selection of bud-wood. 

It is of the very highest importance that all buds be cut 
from bearing trees while the fruit is on them and from trees 
which are known to have borne the ideal type of fruit 
on each and all of their branches for a series of years. It 
is a splendid plan to select certain typical mother trees in 
the orchard and keep an accurate record of the amount 
and quality of fruit produced. If off-type fruit is borne 
on any branch of a tree, no buds should ever be cut from 
that tree. In the case of the Navel orange, it happens 
that the best trees from which to cut buds present only 
fine fruiting brush which does not make satisfactory bud- 
wood. Such trees may be given a moderate pruning 
and thinning out over their whole tops and thus encour- 
aged to produce plump twigs, more suitable for bud- 
wood, the following season. 

In these days there is much talk about '' pedigreed 
nursery stock. Usually what is sold as pedigreed stock 
is stock whose scions are said to have been cut from 
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CHAPTER VIII 

JUDGING CITRUS FRUITS 

A QREAT many different scales have been proposed 
from time to time for the judging of citrus fruits. In 
1892 the Florida Horticultural Society adopted an official 
scale together with rules and regulations. In 1894 the 
Executive Committee of the Los Angeles Chamber of 
Commerce adopted an official scale for California. 

These scales, while most excellent as ideals toward 
which to work, are but little used in citrus exhibitions for 
the reason that their use requires too much time. The 
judges are usually expected to judge hundreds of exhibits, 
sometimes aggregating twenty or more carloads of fruit, 
in twelve or fifteen hours. Obviously it is possible to use 
the score-card only in those classes where competition is 
very close, and in such cases the great value of the score- 
card with a fixed scale is clearly evident. 

The Florida rules require seven specimens to constitute 
a plate entitled to entry. In California five specimens 
are required. 

Interest in citrus judging has been greatly stimulated, 
in California, by the inauguration in 1911 of the National 
Orange Show, which is held annually at San Bernardino, 
and represents, for the Southwest at least, the citrus event 
of the year. 
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Obange Score-cabd 

Size (uniformity) 5 

Form (typicalness) 1'^ 

Stem ^ 

Size 3 

Color 2 

Rind 35 

Color 10 

Texture 5 

Thickness 5 

Freedom from blemishes 15 

Navel or seeds 5 

Size 3 

Shape 1 

Prominence 1 

Juice 30 

Abundance 10 

Color 5 

Flavor 15 

Rag 5 

Amount 3 

Character 2 

Total 100 

ORANGE STANDARDS 

Size. — Oranges for exhibit may be of any size from small, 
250’s, to large, 126"s. The most desirable size is medium, 
176’s, which are 2\^ inches in diameter. Sizing should be 
accurate, one-half unit discount for each specimen varying 
I inch from the size. 

Form. — Fruit must have shape typical of variety and be 
free from creases or corrugations. 

Stem. — Stem must be small, but close and square, level 
with surface of rind, sepals green and plump. For each 
missing stem deduct one point. 

Rind. — Color must be deep orange, the darker the better. 
Bloom must be perceptible; texture smooth and fine with 
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kid-glove finish ; thickness | to inch. In discounting for 
thick rind consideration should be given to the length of 
time fruit has been picked, as rind gradually decreases in 
thickness. Fruit must be free from blemishes such as 
insect injuries, decay, wind scars, or abrasions. 

Navel or seeds . — Navel marks to be of good form and 
from J to I inch in diameter. The perfect orange should 
be seedless ; discount for more than normal number of seeds 
for variety. 

Juice. — The largest possible amount of juice is desirable. 
The perfect orange should sink in water. If fruit floats, 
discount according to degree of buoyancy. Color should 
be pale orange except in case of blood oranges, which should 
have deep red juice. Flavor should be fine, acid and sugar 
well blended, and otherwise characteristic of variety. 

Rag. — The less rag the better. Character should be deli- 
cate and melting. 

Lemon Score-card 


Size (imiformity) 5 

Form (typicalness) 15 

Stem 5 

Size ....... 3 

Color 2 

Rind 35 

Color 5 

Texture 5 

Thickness 5 

Freedom from bitterness 5 
Freedom from blemishes 15 

Seeds (absence) 5 

Juice 30 

Abundance .... 15 

Color 5 

Flavor 10 

Rag ^ 

Amoxmt 3 

Character 2 

Total 


100 
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LEMON" STANDARDS 

Size . — LemoriwS may l)e exhil)ited in any size from large, 
250’s, to small, 360's. The most desirable size is th(^ 3()(), 
which is 2 1 inches in diameter. Sizing should he accurate. 
One-half unit discount for each specimen varying | inch from 
standard. 

Form. — Fruit must have shape typical of variety and be 
free from irregularities. Sunburned lemons are inccpiilateral 
and should be heavily discounted. 

Stem. — Stem must be present, cut close and square, 
sepals green and plump. For each missing stem deduct one 
point. 

Rind. — Color must be pale or whitish yellow ; discount 
for bronze tints, gre^en marks, or sunburn. Bloom should be 
perceptible; texture smooth and fine with waxlike finish; 
strong and elastic with uninjured oil cells. Thickness should 
be from -if to inch. Allowance for thick rind should be 
made for fresh lemons when exhibited. Just how much 
allowance should be made will depend of course on the 
amount of curing the lemons have undergone, and this is 
often difficult of determination by any exc^ept experienced 
persons. Fruit must be free from all blemishes. 

Seech. — The perfect lemon is seedless. Discount | point 
for each seed. 

Juice. — The largest possible amount of juice is desiral>le. 
Specific gravity should be 1 (equal to that of water), with 
buoyancy of | oz. allowed to large sizes and | oz. to medium 
and small sizes without discount. Color should be pale 
lemon yellow. Flavor must be clear and fine. Discount 
heavily for bitterness of rind. 

Rag . — The less rag the better ; character should be delicate 
and tender. 
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Juice . — .The largest possible amount of juice is desirable. 
When placed in. water the fruit should not rise more than 
I inch above the water. Flavor must be characteristic of 
the variety with acidity and sweetness well blended. 

Rag. — Rag should be tender enough to cut easily with a 
spoon. 

Score-card for Packed Boxes 


Exterior appearance . . . 

Cleanliness 10 

Neatness 5 

Artistic quality of label 10 
Size and placing ... 10 
Stenciling ..... 5 

Nailing 

Position of cover ... 5 

Position of cleats ... 5 
Placing of nails ... 5 
Placing of strap ... 5 

Wrapping . 

Quality of paper ... 7 
Artistic quality of design 7 

Twist 6 

Placing 

Facing 5 

Alignment 5 

Firmness 5 

Crown 5 

Total 


40 


20 


20 

20 


100 


STAOT)ARDS FOR PACKED BOXES 

Appearance. — Box material must be perfectly bright and 
clean and put together in a neat manner. The lithograph 
label must have artistic color qualities ; it should be of original 
design, and the illustrations should be true to life. Box 
labels should be exactly 10 X 11 inches for oranges and 
10 X 13 inches for lemons, including a | inch border in each 
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case. Combination labels are to be discounted. Labels 
should be placed flush with bottom of box, leaving space 
at top for stamping. This strip of bare wood should show 
the impressions of three rubber stamps as follows : in the 
right-hand corner, the number of fruit in the box; in the 
center, the variety of oranges or pomelos, and in the left- 
hand corner, the number of the packer. The name of the 
variety of lemons is not placed on the box for reasons ex- 
plained in Chapter XVI. 

Nailing. — The cover pieces must be perfectly parallel 
and the cleats must be above the cover, (leats below 
the cover should debar the box from exhibit. Nails must 
be properly placed and driven home without showing print 
of hammer in wood. 

Wrapping. — Paper should be strong and of good quality. 
Design should be artistic, and the twist should be carefully 
made. 

Placing'. — On placing fruit in the boxes the design on the 
wrapping paper should be made to face the openings in the 
side of the box. The alignment should be as nearly perfect 
as possible. Fruit should be firmly placed and the standard 
amount of crown is 1 inch at center. 

Score Card for Feature Exhibits 

Quantity and quality of fruit .... 50 

Artistic qualities of plant decoration . 15 

Bunting and electric effects .... 15 

Originality of design 10 

Unity of expression 10 

Total 100 


CHAPTER IX 

SELECTION OF SITE AND PREPARATION 
FOR PLANTING 

Success with citrus fruits depends to a very large ex- 
tent upon the proper selection of the site for the orchard. 
This is especially true in countries where the climatic axid 
soil conditions vary widely in the same locality. It is 
poor policy to examine a piece of land or a bearing 
orchard without a program. This is especially true when 
different propositions are to be contrasted with a view to 
deciding on a purchase. 

It is suggested that the following list of points be noted 
in going over every piece of land. Each point may be 
weighted after the fashion of a score-card and thus accu- 
rate comparisons between the different properties exam- 
ined made easier. 


PROPOSED SCORE-CARD FOR CITRUS LANDS 

1. Price per acre. 

2. Freedom from frost, 
f Legal right. 


3. Water 


Amount. 

Quality. 

Cost. 
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4. Continuity of tract. 

5. Quality and kind of soil. 

6. Drainage outlet. 

7. Freedom from hardpan. 

8. Freedom from stones and brush. 

9. Freedom from alkali. 

10. Freedom from waste land. 

11. Susceptibility to wind. 

12. Nearness to town. 

13. Nearness to packing-houses. 

14. Quality of roads. 

15. Distance from scale infested orchard. 

Additional Points for Bearing Orchards 

16. Freedom from scale and diseases. 

17. Freedom from mottled-leaf. 

18. Uniformity of trees and record of yield. 

19. Condition of trees as to pruning. 

20. Adaptation of variety to district. 

THE FROST QUESTION 

One of the most important factors limiting the growth of 
citrus fruits is frost. The frost hazard of any given piece 
of land is at best a very uncertain quantity and may be 
judged only approximately even after years of experience 
and observation. Within the established citrus districts, 
as a rule, the elevated slopes of the foothills, preferably 
with a southern or western exposure, at an elevation of 
from 500 to 1500 feet above sea level and 100 to 500 feet 
or more above the bottom or ^Mraw’^ of the valley, are 
the most frost-free locations. On lands subject to heavy 
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frosts every year, the expense of orchard heating would be 
too great. Usually the heavy cold air flows down and col- 
lects in the valleys, leaving the higher lands above the 
frost line. There are notable exceptions to this general 
rule, however, for when the drop in temperature is ac- 
companied by strong winds, as was the case during the 
. blizzard of January, 1913, the high and supposedly frost 
free land may suffer most of all. Such blizzards are 
fortunately of extremely rare occurrence. 

The frost hazard of any given piece of land (except that 
which is closely surrounded by old citrus groves) am 
only be found by exposing self-registering thermometers 
for several winters. If there are homesteads with yards 
and gardens in the vicinity, a study of the flowering plants 
may give some idea of the frost hazard. For example, 
if old and well established plants of bougainviltea, Sola- 
num wenlandii, poinsettia, or jacaranda are found which 
show no signs of having been killed back, it is fairly certain 
that a lemon orchard in the immediate vicinity would not 
be injured except perhaps in occasional and exceptional 
years. 


THE WATER SUPPLY 

In no citrus district of California is the rainfall sufficient 
for irrigation. The amount of water needed under different 
conditions will be discussed in Chapter XII, but it may be 
well to point out here that it behooves the buyer of citrus 
land or orchards to make a careful study of the character 
of the water supply. He should bear in mind that u|>on 
the water supply depends the life of the trees and that he 
should thoroughly understand the system of which his 
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ranch is a part. Water rights in an irrigated country are 
often complicated and one should familiarize himself not 
only with the legal details, but with the present physical 
condition of the entire system. 

In localities in which the water is pumped from wells 
located in the groves it is not uncommon for the gradual 
increase in use of water, which takes place as the planting 
in the neighborhood increases, to lower the water table to 
such an extent that the old wells have to be dug deeper 
and pumps of higher power installed. The indications 
are that as the . industry grows and the value of water 
increases the number of law-suits will increase rather than 
diminish. The best water right is a share in an old and 
well established canal company which holds prior rights 
and draws its supply from the melting snows on the 
mountains, and which guarantee's the delivery of a certain 
number of miner^s inches per month per share. 

SOIL ADAPTATIONS 

California soils are famed for their great depth and 
fertility, and the soils of the citrus belt are no exception 
to the rule. There is a wonderful variation, however, 
in the kinds of soil now occupied by citrus groves. 

We have the fine sandy soil of Anaheim, the bluish 
muck soils of Santa Paula, the black adobe of La Habra, 
the gravelly loam of Upland, the disintegrated granite 
of Riverside, the red loam of Redlands, the dry-bog of 
Porterville, the red adobe of Fairoaks, and the soft desert 
soils of Imperial. Citrus trees are now growing success- 
fully in.all of these soils and do not seem to be particularly 
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partial to any one kind so long as the physical conditions 
are good. Of course it is easier as well as cheaper to culti- 
vate a soft sandy loam than a sticky adobe, and easily 
worked soils are much more desirable from the standpoint 
of the man who is to till them. 

What are these conditions then which make for success 
or failure and are more important than the type of the soil I 
In the first place, nothing is more fatal to success than to 
judge the value of a piece of ground by the nature of the 
surface soil. By digging or boring down to a depth of a 
few inches or feet, something entirely different from that 
seen on top may be encountered, which would doom the 
proposed planting to eventual failure. 

It is not uncommon to find subsoils so hard that it is 
impossible for water and tree roots to penetrate them. On 
such soils trees are greatly restricted in their root develop- 
ment and the reservoir for water is much reduced. Such 
soils are apt to be too wet in the rainy season and are very 
difficult to irrigate properly. 

On the other hand, the subsoil may be too coarse and 
open, unretentive of moisture, and deficient in plant food. 
Both heavy and light soils have advantages peculiar to 
themselves and a compromise between them, usually known 
as sandy loam, is nearly always the most desirable. 

To sum up, then, the soil for a citrus orchard may be 
of any type, preferably a sandy loam ; but it must be at 
least four or five feet deep ; it must be free from hardpan 
or strata of coarse gravel ; it must be well drained ; and it 
should be so situated as to make irrigation easy. In some 
cases a thin stratum of hardpan a foot or two below the 
surface may be broken up with dynamite before the trees 
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are planted. This allows the roots and the water to get 
through and may sometimes make otherwise undesirable 
land available for citrus trees. 

Of the two most common conditions, a light surface 
soil over heavy clay subsoil is more to be desired than a 
heavy clay surface soil over sand or gravel. 

The ideal soil is a rich, nearly level, friable, easily worked 
loam, eight or more feet deep, growing gradually lighter as 
the depth increases. This not only provides a great store- 
house of plant food, but a great reservoir to hold water. 

Alkali soils commonly occur on the floors of the valleys 
where it is usually too frosty for citrus trees. Occa- 
sionally, however, the question arises as to the suscepti- 
bility of citrus trees to alkali. Where the soil contains 
two-tenths of one per cent of total salts, the trees are 
likely to be injuriously affected. A total salt content 
of less than one-tenth of one per cent is usually con- 
sidered safe. These figures will be found to vary some, 
however, according to the proportions of the different 
salts which taken together are known as alkali,’' some of 
which (such as sodium carbonate) are much more injurious 
than others. 

So-called acid soils are very rare in the citrus districts of 
the West. They are more apt to occur in wet, swampy 
land, or in recently cleared forest soil, where there is a 
large amount of vegetable matter in the ground. Such a 
condition can be definitely determined by chemical 
analysis. Soil acidity is easily corrected by an application 
of lime. 

The question of the disposition of waste water is an im- 
portant one, as in many places there are stringent laws 
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against allowing it to flow into the roads or on to a neigh- 
bor’s land. Theoretically there should be no waste water, 
as it should all be used on the land. In many cases, 
however, and especially on clay soil and with careless 
laborers, a certain amount of water will escape from the 
lower ends of the furrows and it may become necessary to 
dig a long ditch or even put in a very expensive pipe line 
to dispose of this waste water. 

The question of insect pests should also be considered. 
A location far from any scale-infested orchard may mean 
that fumigation may not be necessary for many years, 
if at all, whereas a site on the windward side of a badly 
infested orchard will mean fumigation almost from the 
first, with all the attendant bother and expense. 

Not the least important point to consider is the nearness 
to the railroad and packing-house, and the condition of 
the roads over which the fruit must be hauled. The labor 
problem also is important. Orchards near small towns 
have the advantage of a larger and more dependable labor 
supply, and this is quite an advantage^at picking time and 
especially when frost fighting becomes necessary. 

Clearing any lemling , — For reasons pointed out in Chap- 
ter XXI, it is very important in clearing land for citrus 
trees to dig the old trees out by the roots, being careful 
to get out all the large roots to a depth of several feed.. 
Especially is this true where oak or sycamore trees have 
occupied the land, for the roots of these trees are especially 
apt to harbor the Armellaria fungus for many years. 

On account of the high price of well located citrus land, 
it has become profitable to develop very stony ground . All 
the stones above the size of an orange are hauled out and 
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built into walls or used in road construction. The land 
is then deeply plowed and the stones picked up again, this 
process being continued till all the stones are removed to a 
depth of ten or twelve inches. A good deal of such land 
proves very fertile and produces high class fruit. 

After the land is cleared, it must be leveled with 

Presno or other scrapers until the surface presents a 
uniform grade. This is very important, for otherwise 
the irrigation water will run through different parts of the 
rows at different rates of speed, and consequently sink to 
unequal depths, with the result that some trees get too 
much water while others do not get enough. On spots 
where hardpan is encountered, especially on knolls from 
which the soil is removed to fill up depressions, the condi- 
tions may be greatly improved by blasting and breaking 
up the hardpan in order that the water and roots may get 
through. The cost of blasting will vary with the thick- 
ness and depth of the hardpan. For instance, when a 
stratum six inches thick lies four feet below the surface, 
it will require two sticks or one pound of 25 per cent dyna- 
mite, four feet of fuse, and a cap. The cost of materials 
and labor will amount to about 25 cents per tree, the 
charges being placed only where the trees are to stand. If 
the ground is quite dry, as it should be, when the work is 
done the shattering effect will extend for about five feet 
in all directions. The chunks of hardpan which are 
loosened should be removed from the holes before the trees 
are planted. 
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method more room is given the trees and a less number 
is planted to the acre than by the square method, but 
it is possible to cultivate and even irrigate three ways 
through the orchard. In laying out the orchard, the 
ground is first laid out in squares, after which a line is run 
diagonally across the field and a tree stake placed wherever 
this line passes through the corners or cuts the side of a 
square. 

The square system is by far the most commonly used, 
and may be followed either for squares or oblong rectangles. 
The rows of trees intersect each other at right angles and 
cultivation may be carried on in two directions. 

By the hexagonal system, the trees are set equidistant 
from each other. Six trees form a hexagon with a seventh 
in the center. By this means the ground is more eco- 
nomically divided and more trees are planted per acre 
at a given distance apart than by any other method. 

By the quincunx system four trees constitute a square 
with a fifth in the center, thus doubling the number of 
rows. This method is chiefly used in planting with the 
idea of removing the center trees, which are usually of 
dwarf varieties, when those designed to be permanent 
shall have attained a considerable size. The orchard 
then assumes the square plan. 

The quincunx system is rarely used in planting citrus 
orchards as it is not customary to use other and smaller 
varieties of fruit trees as temporary fillers in citrus or- 
chards. 

The following table gives the number of trees required 
to plant an acre at various distances apart according to 
each of the above four plans : 
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Number op Trees to the Acre ^ 


Distance Apart 

Quincunx 

Hexagonal 

Square 

Triangulab 

35 X 35 feet 

65 

41 

3() 

33 

30 X 30 feet 

83 

55 

48 

44 

25 X 25 feet 

126 

81 

70 

()4 

25 X 20 feet 



87 

79 

24 X 24 feet 

137 

86 

76 


22 X 22 feet 

173 

103 

90 


20 X 20 feet 

199 

126 

108 

98 

18 X 18 feet 

247 

142 

134 

122 

20 X 15 feet 
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There is a good deal of variation throughout Claliforuia 
in regard to the distances at which citrus trees are planted. 
The following are the usual distances which give the best 
results: kumquats, 12 X 12 feet; tangerines, 20 X 20 
feet; Navel oranges, 22 X 22 feet; and Valencia oranges, 
lemons, and pomelos, 24 X 24 feet. Lemons sometimes 
bear well and produce a larger tonnage per acre when 
planted close in one direction. The old Eureka orchard 
at the Limoneira Ranch near Santa Paula, which is planted 
26 X 15 feet, is a notable example of this. 

Many citrus growers prefer to employ a surveyor to 
lay out the orchard and set the stakes which mark the 
points where the trees are to stand. While this is a goml 
plan with large plantings, especially where the ground is 
rolling, it is not necessary in the case of five or ten acre 
blocks. A satisfactory way to lay out a small tracjt is by 
means of a strong wire as long as the tract is wide. This 

^ Adapted from Hume, Bailey, and Wickson. 
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should be carefully measured and a button soldered to 
the wire for each tree row. After the stakes are set along 
each side of the field marking the rows, the wire may be 
stretched between each pair and thus carried across the 
field, a stake being set at every point to be occupied by a 
tree. 

Much of the land available for citrus planting is entirely 
too steep and broken to admit of any of the plans above 
mentioned. Such lands are often of great value on ac- 
count of their freedom from frost. In such cases the rows 
are laid off on contours. By this means the irrigation 
furrows are run on a more uniform grade throughout their 
length, and the storm water problem is solved, since the 
water which accumulates in each row will be carried off 
separately to the side of the field and safely disposed of. 

Where the general slope of the land is not more than 
15 per cent, cultivation may be carried on at right angles 
to the irrigation furrows after a slight ridge has been 
established in the tree row. In order to facilitate orchard 
operations it is wise to arrange the trees in rows running 
up and down the hill. 

On very steep hillsides it is necessary to build terraces 
and in such cases the trees are planted on the brink and 
cultivation and irrigation is limited to one side of the 
tree row. The terrac^e banks should be planted with 
some hardy plant which will displace weeds and prevent 
washing. In coast counties where the air is moist Mesem^ 
hryanthemum australis (white flowered) or M. roseum 
(pink flowered) are recommended. In interior valleys 
perhaps Li'ppia may be used for this purpose. 

Irrigation water is usually conducted in a pipe line 
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along the crest of a ridge with contours or terraces diverg- 
ing on either side at irregular intervals. Where the con- 
tours converge to within less than twenty feet the trees 
are omitted. 

Contours may be easily laid out by the use of a twenty- 
five foot plank to which a carpenter^s spirit-level is 
attached. One end is equipped with an adjustable leg 
or shoe upon which is marked* off a scale to hundredths 
of a foot. By adjusting the length of the leg for the 
desired grade and pivoting on the other end, the shoe 
can be located on the next point of the grade by trial, 
the main plank being kept level as determined by the 
spirit-level. The grade established will depend a good 
deal upon the character of the soil and the nature of the 
slope, inasmuch as some soils tend to wash much more 
easily than others. 

Time of planting. — As explained in a previous chapter, 
citrus trees have three more or less distinct periods of 
growth during the year. It is not wise to transplant the 
trees during one of these periods of growth. They may 
be planted at any time of year, but should be as nearly 
dormant as possible. The most convenient as well as 
the customary time of planting in California is between 
April 1 and June 15, preferably during the month of May 
or just after completion of the first growth and before 
the starting of the second. 

ROOT-STOCKS 

While there are at least seven possible root-stocks upon 
which citrus trees may be grown, there are only three which 
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are used commercially in California at the present time, 
viz. : the sour or bitter, the sweet, and the pomelo. It is 
said that at present, practically every citrus tree in 
Europe is grown on the sour-stock. Perhaps we would 
be safe in saying that every tree in California would be 
as well off on sour-stock, yet there are a few people who 
still claim that, in certain situations, sweet-stock is best, 
at least for oranges. All lemons should be grown on sour- 
stock on account of its great resistance to brown-rot 
gumming. Sour-stock should be used for oranges and 
pomelos on low, heavy, or wet soils. On high, dry, well- 
drained soil sweet-stock is practically as good but ap- 
parently no better for oranges. Orange trees will make 
a quicker start into growth and begin to bear fruit a little 
earlier on sweet-stock, but after the trees are six or seven 
years old no one can tell any difference in the size or 
fruitfulness of the trees. The sour-stock has the advan- 
tage, therefore, in being more resistant to gum diseases 
and foot-rot of various kinds. 

The use of pomelo stock is increasing somewhat, although 
it has not been widely experimented with. It is giving 
pronounced success where used for lemons on open 
gravelly soils in the interior valleys. Pomelo seedlings 
often give trouble in the seed-bed by gumming and by 
their peculiar habit of blooming and setting fruit when 
they are only two or three inches high. 

In addition to the above three stocks there are several 
others which are entitled to mention for the reason that 
while they may be no longer used in propagation they 
are often met with in old orchards. The rough lemon is 
said to be hardy and to a certain extent drought-resistant, 
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and is being experimented with. It will probably not 
gain favor, however, as it is very susceptible to brown-rot 
gumming. 

Trifoliate stock is largely used in Florida, and in the 
citrus districts of Louisiana and Texas it is used almost 
exclusively for growing the Satsuma orange, which does 
very well on this stock. In California, however, trifoliate 
is but little used. There remain a few old orange and 


Fig. 45. — Cowpeas as an intercrop in young lemon orehanl. 

pomelo orchards upon it which are doing fairly well, but 
failures are more frequent than successes, and in very few 
cases does it appear to show any advantage over the sour 
or sweet. In some places Navel oranges sweeten earlier 
in the fall when grown on trifoliate stock. Perhaps the 
trifoliate comes nearest being a success when used on 
heavy soil in the Tulare district. Trifoliate is very ob- 
jectionable for lemon trees and has been an absolute failure 
in every case recorded in California. 
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Chinese lemon, a form of citron, was once used to some 
extent but has long been abandoned entirely. It forced 
the tree into an extremely rapid growth which resulted 
in coarse fruit. It was short lived and quite susceptible 
to various root decays. 

Ordinary lemon stock was sometimes used in the early 
days. Instead of growing seedlings and budding upon 
them, some of the early planters simply rooted cuttings 
of the variety desired and set them out in the orchard. A 
few of these old trees remain, but their record does not 
furnish a good recommendation for this stock, as the 
trees are nearly always more or less affected with root-rot. 
But aside from root-rot lemon roots have clearly shown 
their inferiority. The bud unions of certain lemon trees 
at the Limoneira Ranch became buried with soil and 
one or two roots put out from above the bud. Such trees 
showed a distinct depreciation in the amount and quality 
of fruit and vigor of foliage. Where only one large lemon 
root put out, the tree shows the effects on that side only, 
and this was the case even when the lemon root was ap- 
parently healthy and vigorous. 

The question is sometimes asked as to whether the 
fruit of the orange will be deleteriously affected by the sap 
passing through a section of lemon wood as is the case 
when budded lemon trees are top-worked to oranges. A 
large number of instances of this have been reported on, 
and in no case does there seem to be any injury or redue^ 
tion in quality of the oranges from having grown on lemon 
trunks. 

Oranges are never grown from cuttings for the reason 
that orange cuttings cannot be induced to strike root. 
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There has been much difference of opinion and (lis- 
cussion of the point as to whether or not the hanliness of 
a cold resisting stock, such as the trifoliate, was trans- 
mitted to the scion. Published reports^ indicate that 
such has been the case in Florida. In California such an 
effect, if present at all, is so slight as to be hardly worth 
recording. Rows of several varieties of trees on each of 
the different stocks have been grown for years at the 
Citrus Experiment Station at Riverside and have passed 
through two periods of excessive cold. After a very 
critical examination of the trees, the writer was forced to 
the conclusion that, in this case at least, there was prac- 
tically no difference in the amount of injury from cold 
sustained by the trees on the different stocks. 

DIGGING THE HOLES 

Before the holes are dug, the notched planting-board 
should always be used in order to be able to set the tree 
in the hole in the exact position previously occupied by 
the stake. Large holes should be dug, two feet wide and 
one and a half feet deep. The bottom of the hole should 
be carefully inspected for stone or hardpan and should 
be well loosened up either with the spade or with a charge 
of explosive. If the trees come with bare roots, tliey 
should be handled with extreme care to prevent drying 
out. 

It is customary to puddle the roots of trees when tliey 
are not balled. This puddling is done at the nursery and 


1 G. L. Taber, Florida Farmer and Fruit’-Grower^ li)()L 
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decreases to a small extent the susceptibility to injury 
from drying while handling in the field. The roots should 
be trimmed, all broken ends being cut off smooth, and the 
soil sifted in around the roots so as to leave no air holes. 

This soil should 


be moist and fine 
and must always 
be well tramped 
in order to bring 
the roots in firm 
contact with it. 
It is very impor- 
tant to set the 
trees at precisely 
the same height 
that they were 
in the nursery. 
After settling, 
citrus trees 
should always 
stand in the or- 
chard at the same 
height that they 
did in the nurs- 
ery. A citrus 
tree planted too 
deep or with the soil above the bud is doomed to 
failure. 


Fig. 46- — Breaking a layer of hardpan by 
means of a stick of dynamite discharged in 
each tree hole. 


When using the notched planting-board some planters 
prefer to set the guide pegs for several rows before the 
holes are dug, keeping the board at right angles to the 
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tree row. A deep furrow is then plowed half way between 
the two rows of pegs. The holes are then dug in thi.s 
furrow and after the trees are planted the water may be 
turned into the furrow. It is necessary of cour.se to draw 
up a small mound of soil immediately about the tree to 
prevent the water from coming in contact with the bark. 

When balled stock is planted, it is customary to allow 
the balls and sacking to remain. The string.s are cut 
from about the crown and the tree planted, sack and all. 
It is also advisable to slit the sack at the bottom in order 
to allow irrigation water to enter more easily. Ordinary 
sacking decays in two months and the roots arcs not 
interfered with. In the case of the balls being composed 
of very stiff adobe soil, especially when planted in loose; 
sandy soil, they should be soaked in w'ater and loosened 
somewhat before planting. It is not advisable to attempt 
to stimulate the trees by putting fertilizer in the holes. 
Fertilizer may injure or even kill bare-rooted trees unles.s 
it is very thoroughly incorporated with the soil before the 
trees are planted. 

Bare-rooted trees should be cut back when planted, 
the cut waxed over, and an entirely new head allowed to 
form. Balled trees may retain short stubs representing 
the main branches of the head, and a few leaves. Sun 
protectors are necessary to prevent sunburning of the 
trunk and should always be used, especially in hot interior 
valleys. Sun protectors may be made out of old sacking 
wrapped around the trunk or especially manufacturtsl 
yucca tree protectors may be used. A number of thic-k- 
nesses of old newspapers wrapped loo.sely around the 
trunk and tied with a string answers very well and has the 
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advantage over^yucca of being cheap as well as adjustable 
in length. Such tree protectors should be taken ofl 
once or twice during the first year in order to remove the 

water-sprouts from the trunk. 

After the tree is well set and 

Sy-/;*,'/ ■ ';T*. I \ i - thoroughly tramped in, it 
' ' 3i.' W' • ' ' should be watered immediately, 

-tf ground being thoroughly 

^ soaked. In order save time, 

SA,' " ;■ ' orchards are sometimes planted 

iJCv'' before the facilities for irrigat- 

ing are completed. In this case 

■ ' trees must be “tanked ” or 

watered from a tank wagon. 
A basin is excavated about 
each tree, the soil being drawn 
« , against the trunk the center 

i'i protect it from the water. 

After these basins are filled 
twice, the loose dry 
ifelilf'ji! returned to its place, in 

order to conserve moisture, 
and the ground leveled off. If 
attended to, tanked trees 

Fig. 47. — Newly set tree prop- grOW fully aS Wcll ES tllOS6 
eriy protected from the sun. in the ordinary way. 

Whether they may be tanked to advantage the second 
year will depend on the cost of hauling the water. Usually 
the permanent system of irrigation should be ready by 
the second summer. 

Wherever citrus trees are planted in new localiti^, 
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where grain farming, rather than irrigated CT()j)s, have 
been the rule, a sharp lookout must be kept for ground 
squirrels and gophers. Both of these pestiferous rodents 
are apt to cause serious injury to newly planted <‘itriLs 
trees unless effectually prevented. Detailed directions 
for fighting gophers and ground squirrels are given in 
Chapter XXIV. 

INTERCROPPING 

The question often arises as to the advisability of grow- 
ing intercalary crops between the trees in order to gain 
some revenue from the land while waiting for the trees to 
come into bearing. There are many cases wliere this 
has been done advantageously, although the intercropped 
citrus orchard is the exception rather than the ^ulc^ 
Such a practice is permissible only when tlie intercrop 
does not interfere with the best growth of the citrus tr(‘C‘s. 
Citrus nursery stock is often grown between the rows of a 
young orchard where the soil is sandy and does not pack 
and bake as a result of the digging, and tramping iruudent 
to balling the nursery trees. Vegetables, such as t<una*- 
toes, potatoes, peppers, lima beans, or black-eyed peas, 
may be grown to advantage. In interior valleys kaffir- 
corn and stock-beets make a satisfactory crop winch may 
be used for hog feed. The corn-stalks are often con- 
venient for wrapping the young trees in winter. A strip 
of alfalfa down the middles improves the soil, especially 
when the hay is cut and applied to the cultivated strip of 
land on either side of the tree rows. Such a strip of 
alfalfa should be reduced in width from year to year and 
plowed out entirely by the fifth year. Strawberries are 
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very injurious to citrus orchards, especially on heavy soils, 
as they require such frequent irrigations that great injury 
from gum disease often results. In any event the young 
orchard should never be rented to tenant farmers to get 
all they can out of the land without reference to the good 
of the trees. 

THE COST OF PLANTING 

It is very diflScult to estimate the cost of bringing a 
citrus orchard to bearing on account of the very great 
variation in existing conditions. Tait ^ gives an average 
estimate for a ten acre orange orchard in the Pomona 
district which gives a fair idea of the costs for the first 
five years. 

Cost of Planting and Caring for Ten Acre Orange 
Orchard for Five Years 

Ten acres of orange land , , . . 

Water right, or stock in. Water Co. 

Preparing and grading land . . . 

1000 trees at $1 each 

Planting trees at cts. each . . 

Irrigating system 

Irrigation and cultivation, five years 
Taxes and incidentals, five years . 

Fertilizer, three years 

Total for 10 acres, 5 years . . 

Since 1911 the cost of some items has increased, espe- 
cially clearing and grading, as the land still available in 
this district is often encumbered with bowlders and brush. 
The cost of water has also increased. See page 359. 

^ C. E. Tait — “ U. S. D. A., Office of Exp. Stations,” Bull. 
236, 1911. 
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Cost of New Planting, 1911, by San Diego Fruit Co.* 


Orchard 

No.— 

Aches 

Num- 
ber OP 
Trees 

Cost 

Sur- 

vey 

Water 

Ijabor 

Ficn- 

T1LI25EU 

Totai, 

9 . . . . 

2^ 

158 

$126.05 

$5.00 

$8.75 

$10.21 

.$5.62 

II 6 1. 63 

31 ... . 

2^ 

237 

177.00 

5.00 

8.75 

34.21 

9.37 

234.93 

32 ... . 

4^ 

351 

278.25 

10.00 

15.75 

58.90 

13.12 

370.02 

33 ... . 

6 

491 

370.72 

35.00 

21.00 

133.57 

18.75 

579.64 

78 ... . 

9 

712 

580.31 

12.50 

31.50 

207.63 

26.25 

H5H.H; 

80 ... . 

15 

1,072 

953.91 

10.00 

52.,5() 

346.18 

39.46 

1,411.0.5 

83 ... . 

8 

591 

443.25 

5.00 

28.00 

149,88 

22.50 

648,63 

85 ... . 

4 

262 

209.60 

2.50 

14,00 

.52.44 

9.84 

288.38 

106 ... . 

U 

103 

77.25 


.5.2.5 

11.64 

! 3.75 

97,80 

108 ... . 

10 

770 

630.50 

— 

13.50 

2.59.67 

29.06 

932.73 

Ill ... . 

13 

1,199 

910.21 

25.50 

45.50 

301.38 

45.00 

1,327.59 

Total . . 

76 

5,946 

4,757.6.5 

11 9.. 50 

244..5{) 

1,571.71 

222,72 

6,916.08 


Average cost of planting per acre . 

Add grading and preparing land . 

Total 12(i 


This will vary as the number of trees vary. This 
report shows average of 78 trees per acre. Freciiiently 
there are 90 trees planted per acre : 
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i74M) 

In the case of Navel oranges, the orchard slunild 
yield a scattering of fruit the third year and a considc^r- 
able amount the fourth and fifth years. Valencia 
oranges are later in coming into bearing. 

* Speech of Senator J. D. Works, “ Congressional liaoord/' 
July 24, 1913. 


First year’s care 
Second year’s care 
Third year’s care 
Fourth year’s care 
Fifth year’s care . 


M 
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Statement No. 1 

Cost of bringing 16S acres of lemon grove into hearing, trees 'planted 
in 1906 hy the Riverside Trust Co. (Ltd.) ^ 

Year ended Sept. 30, 1905 : 

Land and water, 163 acres, at $450 per acre $73,350.00 


Plowing and leveling* $1,017.36 

Pluming 4,310.31 

12,608 trees, at $1 12,608.00 

Planting . 957.04 

Cultivation and irrigation . . . 107.53 

Fertilizing 71.40 

Water dues 87.17 

Total 19,158.81 

Management 113.80 

19,272.61 

Year ended Sept. 30, 1906 : 

Cultivation and irrigation . . . 1,238.72 

Fertilizing 1,361.79 

Water dues 804.65 

Taxes 369.92 

Other expenses 953.75 

Total 4,728.83 

Management 788.03 

5,516.86 

Year ended Sept. 30, 1907 : 

Cultivation and irrigation . . . 1,548.05 

Fertilizing 734.64 

Water dues 1,036.41 

Taxes 794.40 

Other expenses 536.78 

Total 4,650.28 

Management 1,777.29 

6,427.57 

Carry forward .... $104,567.04 


^ J. D. Works, loc. cit. 


Planting the Orchard 


163 


Brought forward . . . 


Year ended Sept. 30, 1908: 

Cultivation and irrigation . . . $1,967.99 

Pruning 205.15 

Fertilizing 2,522.25 

Water dues 978.00 

Taxes 773.51 

Other expenses 309.42 

Total 6,756.32 

Management 1,670.91 

Year ended Sept. 30, 1909: 

Cultivation and irrigation . . . 2,493.20 

Pruning lemons 125.35 

Fumigation (90 acres) 1,423.19 

Fertilizing 411.18 

Water dues 1,556.70 

Taxes 1,042.52 

Other expenses 509.55 

Total 7,561.69 

Management 2,521.43 

Total . 

Less crop returns 1908 .... 1,069.50 

Less crop returns 1909 .... 4,431.06 


Total 

Average, $721.33 per acre. 


$104,567.04 


8,427.23 


10,083.12 

$123,077.39 


5,500.56 

$117,576.83 


These figures should be considered in connection with 
those given on pages 360 to 362. These tables present 
typical actual expense accounts while the figures given in 
Chapter XX represent the averages of very large numbers 
of ranches or packing-houses as the case may be. The 
consideration of . averages alone often leads to incorrect 
conclusions, particularly with agricultural operations where 
the personal factor enters so largely into the account. 
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Statement No. 2 

Cost of 163 acres of lemon groves ^ by the Riverside Fruit Co. (Ltd.) 

Cost of land and water, at $450 per acre . . . $73,350.00 

First year : 

Proportion of cost of equipment, building, stock, 
tools, macMnery, etc., at $82 per acre . . . 13,366.00 

Cost of planting, care, etc 19,272.61 

Second year, cost of care, etc 5,516.86 

Third year, cost of care, etc 6,427.57 

Fourth year, cost of care, etc 8,427.23 

Fifth year, cost of care, etc 10,083.12 

Total 136,443.39 

Less : 

Crop returns, fourth year .... $1,069.50 

Crop returns, fifth year .... 4,431.06 

5,500.56 

Total $130,942.83 

Average, $803.33 per acre. 

Statement No. 3 

Cost as per statement No. 2 $130,942.83 

Interest at 6 per cent per annum : 

Five years on $86,716 $26,014.80 

Pour and one-half years on $19,272.61 5,203.60 

Three and one-half years on $5,516.86 1,158.50 

Two and one-half years on $6,427.57 964.10 

One and one-half years on $7,357.73 662.20 

Six months on $5,652.06 .... 169.56 

34,172.76 

Total 165,115.59 

Average, $1,012.96 per acre. 



CHAPTER Xr 

CULTIVATION, FERTILIZATION, AND COVER- 

CROPS 

The operations incident to the care and management 
of orchard soils constitute a very important part of the 
work of producing citrus fruits. Upon the intelligence 
used in the handling of the soil will depend to a large 
extent the degree of success finally achieved. 

Tilling the soil (1) improves its physical condition by 
loosening it and extending the rooting area; (2) aids in 
saving moisture by enlarging the water-holding capacity 
and by checking surface evaporation; (3) augments 
chemical action by making inert plant food available; 
and (4) admits air to the soil. This last function of tillage 
is very important because plant roots must have air in 
order to grow, and air in considerable quantities is also 
essential for the life of all the beneficial bacteria upon 
which we depend for the making available of inert plant 
food in the soil and for the acquisition of nitrogen from 
the atmosphere. 

PLOWING 

The tillage of citrus orchards consists of two kinds of 
operations known as plowing and cultivating. The land, 
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in most cases, should .be plowed thoroughly once a year, 
preferably in March or April, which is the time the winter 
cover-crop is turned under. 

This plowing should be completed before the trees come 
into full bloom, as the unavoidable cutting of many roots 
at such a time is apt to interfere with the setting of the 
fruit. A mold-board plow is usually the best tool, and 
for plowing close up under the branches a special plow with 



Fig. 48. — Cultivating newly set orange trees with eight chisel cultivator. 


one handle is very convenient. The disk plow is very 
satisfactory in some soils and especially in orchards of 
small trees. The proper depth to plow is usually about 
eight or nine inches. It is unwise to plow at the same 
depth every year, for this is apt to encourage the forma- 
tion of what is known as a plow-sole or hard layer which 
in time becomes impenetrable to water and air. Such a 
plow-sole may be largely avoided by plowing seven inches 
deep one year and nine or ten inches the next. Plow-sole 
once established may be broken up by running a subsoil 



Cultimtioriy Fertilization, and Cowr-Crops 167 

plow fifteen inches deep, once down the center of the 
middles between the tree rows and again at right angles. 
Such treatment will cut a good many roots of course, but 
only those which extend beyond their legitimate feeding 


Fig. 49. — Cloddy condition due to land being worked while too wot. 


ground. Such subsoiling should be followed immediately 
by copious irrigation. 

When the cover-crop is tall, a heavy iron chain sus- 
pended between plow beam and single-tree will serve to 
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result. The disk harrow slioult! follow fhr fdi 01 , i-rtidiitif 
down the loose soil uml hriogiiii: it iiiOi rl**'-r t^onfiiri mill 
the mass of green vegetidiftu. 'This will iti a rrtoR! 
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cultivation, the surface soil bakes hard, cracks open, the 
moisture escapes, and the trees suffer. It is the custom 
to cultivate after each irrigation just as soon as the 
ground is dry enough to stir without puddling. The 
irrigation furrows are obliterated by the cultivator and 


Fig. 50. — Ground under trees may be worked with ease by means of 
an orchard tractor. 

the surface four inches thoroughly stirred. In many 
eases it is advisable to follow the first cultivation with a 
second at the end of two weeks. In the case of square 
plantings the second cultivation should be carried on at 
right angles to the first. Cultivation should be deeper 
on heavy than on light soils for the reason that it requires 
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a somewhat thicker mulch to prevent the loss of moisture 
from heavy soils. In the event that the weather is very 
hot and dry immediately after cultivation it may not be 
necessary to cultivate again before the next irrigation, 
for the reason that the mulch is more effective when very 
dry. When cultivation is followed by a period of cool, 
foggy weather, the capillary connections may be re-formed 
and much loss of moisture result unless a second cultiva- 
tion be given. The object of cultivation is to create and 
maintain an effective soil mulch and the soil stirring process 
should be carried just far enough to achieve this object. 
Cultivation is an expensive operation and much money 
is wasted by the system of continuous stirring of the soil 
as practiced by some growers. 

Disk cultivators are satisfactory in adobe and silt soils 
and especially among small trees, but it is not well to 
depend upon disk implements exclusively. An occasional 
cultivation with narrow chisel teeth will bring about 
better aeration and prevent the soil from packing. 

All tillage implements used in citrus orchards should 
be provided with carefully made shields which protect 
the low hanging fruit and prevent it from being knocked 
and scarred by striking sharp projections of the imple- 
ments as they pass close under the branches. 

Orchard soils may be very seriously injured by culti- 
vation at the wrong time, that is, when too wet or too dry. 
Immediately after irrigation there is a period of variable 
length when the soil is too wet to stir. If cultivated when 
too wet, the physical condition will be ruined. Soil is too 
wet to cultivate when it is muddy or scours off the plow 
with a slick, wet appearance. An adobe soil is injured 



Cultivation, 


PertUizutiiUi, awl ('avn-Crupii 171 


more than a sandy soil stirring when too wet. It njay 

. , more* to restore the physieal <'on<litiori 

take a year or mort. ... v r 

ruined by injudiciouB cultivation. Oniumry or n.cdmm 
soils should be ready to cultivate about five or six day.H 



Fig. 61 . — Orchard tractor cloift^r tlii» wiifk i#f $uulm ill ii liiit 


after irrigation, and they remain in gmal oiiwlitioii for 
about a week, after which tiny IxfoiiH' t«H» tlry. If tint 
stirred at the right time, the soil will bake Imnl anti Iks 
very difficult to handle. If extra mules are then put on 
the cultivator, the soil will lie turned up in large ehaia 
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which will bake into brick-like masses which will be in 
the way for a year or more. 

It is often very difficult to cultivate the entire acreage 
at the proper time on account of the lack of men andT 
teams. In too many cases one-fourth the ground is 
stirred while too wet, one-half when the soil is just right, 
and one-fourth after the soil has become too dry. The 
remedy for this is to either increase the equipment of men 
and mules or to have recourse to the orchard tractor, 
which makes it possible to cover a much larger area in 
the same time. This difficulty is not serious with those 
growers who irrigate from local wells. They are in a posi- 
tion to irrigate a small piece of land at a time and f ollow 
the irrigation with cultivation after the proper interval. 

In old bearing orchards the trees cover most of the 
ground and hardly more than a strip in the middles in 
each direction can be cultivated with teams or tractors. 
It then becomes necessary to do a considerable amount of 
hand work. The ground under the trees should be 
thoroughly worked over once a year, preferably in the 
spring just after the winter rains are over. Either a light 
spading fork or a short-handled mattock may be used. 
Workmen should be cautioned not to strike the trunks of 
the trees or the crown roots, as wounds made in this way 
are very apt to become infected with brown-rot gum- 
disease. The irrigating furrow nearest the trunk should 
pass just beneath the outer branches and the soil imme- 
diately about the trunk will not be wet during summer — 
hence the necessity of hand hoeing to furnish a mulch 
and prevent the soil about the crown from baking as hard 
as a pavement. 
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MULCHING 

The great difficulty of handling heavy and intractable 
adobe soils or soils which acquire an adamantine hardness 
when dry has led some growers to substitute a mulch of 
straw or other humus forming material, for the soil 
mulch, and discontinue cultivation of the middles with 



Pig. 52. — Heavy plowing with an orchard tractor of the caterpillar type. 

teams. Permanent basins are made around each tree of 
a diameter approximating the extreme spread of the 
branches. One permanent irrigating furrow extends down 
either side of the tree row and connects with each basin. 
A permanent strip of alfalfa occupies all of the available 
space of the middle. The alfalfa is mowed five or six 
times each season and thrown into the basin under the 
trees before it is dry enough to shatter. This material 
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light, short-turning gas tractor either of the three wheel 
or caterpillar type. The machine should not exceed five 
feet in height and should be provided with steel hood or 
limb protector. Extra strong tillage implements must be 
used with tractors, as otherwise serious breakage may 
result when stones or stumps are struck. An ordinarily 
good orchard tractor should plow about twelve acres of 
orchard a day at a cost, including an ample allowance for 
interest and depreciation, of not over $12. 

FEBTILIZATION 

Perhaps no subject connected with citrus fruit culture 
is hedged about with as much uncertainty as that of fer- 
tilization of the soil. California soils are usually very 
rich in available plant-food, and in many cases fertiliza- 
tion is not needed for the fiirst few years. The average 
orchard, however, will begin to fail after five or six years 
of production unless fertilization of the soil is resorted to. 
How much and what kinds of fertilizer to apply are ques- 
tions which are extremely difficult to answer specifically, 
and it is usually necessary for each grower to experiment 
on his own land in order to gain an idea of the best course 
to follow in his particular case. No one should be dis- 
appointed if results fail to appear quickly, for with citrus 
trees on rich land it often requires a number of years 
before any measurable differences due to experimental 
fertilization can be observed. 

There is a very widespread idea among persons not well 
grounded in the principles of agriculture, that the logical 
procedure is to taJce samples of the soil to a chemist for 
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analysis, and to lay out a well calcu 
ing to his report. Such a course is 
however, for the reason that while 1 
the exact amount of plant-food in 1 
no way of measuring the amount 
trees on a given soil may be capabj 


Fig. 53. — Substituting baled lima bean straw for manure in lemon 
orchard near Whittier, California. 


there are still other dfficulties, such as the trouble ex- 
perienced in obtaining a sample which fairly represents a 
considerable area of land, and the variation in the com- 
position and physical make-up of the soil on the same 
farm and often in the same field. Of course chemical 
analyses are valuable guides in the case of unusual soils, 
as when alkali is suspected or when some one of the neces- 
sary elements is markedly deficient. But the claims of 
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some people, that the proper formula should be made up 
by adding a little of this’’ to make the fruit set, and a 
little of that^’ to increase the sugar content, and a little 
of ^^the other” to improve the color, are very largely 
without foundation of scientific evidence. 

A ton of fresh, oranges and lemons removes the follow- 
ing amounts of plant-food from the soil : 


1 

rJlTROGEN 

Phosphobic 

Acid 

P0TA.8H 

Oranges 

3.a8 lb. 

1.06 lb.. 

4.22 lb. 

Lemons 

3.04 lb. 

1.16 lb. 

i 

5.08 lb. 


Citrus growers, a^ a rule, do not limit themselves to 
replacing the amount of plant-food removed from the 
land, but commonly apply as fertilizer many times this 
amount of plant-food. 

A study of soil analyses teaches us that when the 
average California soil begins to fail from heavy produc- 
tion nitrogen is most likely to be the first crop linoiter 
and after nitrogen phosphoric acid, and after that potash. 
Most important of all, however, is the physical condition 
of the soil, for all of these elements may be present in 
excessive amounts ; and yet if the physical condition of 
the soil is not favorable to a vigorous and healthy root 
action, the plant-food present cannot he used. By proper , 
physical condition is meant that state in which the soil 
will absorb water quickly and hold it long as well as admit 
air to considerable depths- 
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A Type of Feetilization Practice m Southern California 
FOR Old Bearing Trees which are Too Close to Permit 
Cover-crop 


Variety 

Kind op 
Fertilizer 

Lb. per 
Tree 

How Applied 

Date op 
Application 

Navels • 

Bone meal 

7 

Drilled in 

Oct., Ifil2 

Lemons 

Bone meal 

6 

Drilled in 

2.,5% N 

Tangerines 

Bone meal 

8 

Drilled in 

;22% PjOj 

Navels 

Sodium nitrafe 

2 

Hand spread 

Mch., 191S 

Lemons 

Sodium nitrate 

2 

Hand spread 

Buds just 

Tangerines 

Sodium nitrate 

2 

Hand spread 

starting 

Navels 

Tankage 

12 

Drilled in 

Apr., 1913 

Lemons 

Tankage 

12 

Drilled in 

SM% N 

Tangerines 

Tankage 

15 

Drilled in 

7.65% P,0» 

Navels 

Lemons 

Tangerines 

Stable manure 
Stable manure 
Stable manure 

Same as for 
1912 

5 cu. ft. 
5 cu. ft. 
5 cu. ft. 

Disked in 
Disked in 
Disked in 

Aug., 1913 

Oct., 1913 


HTJMUS 

. Humus is a dark colored highly complex organic com- 
pound which is formed by the decay of vegetable matter 
in the soil. Humus is present in relatively small amounts 
in California soils, because on account of their greater 
ventilation and higher temperatures the humus is oxidized 
or burned out of the soil more rapidly and does not accu- 
mulate to the extent it does in the soils of humid and 
cold climates. The chief reason why humus is so im- 
portant is found in the fact that it is relatively insoluble 
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Fig. 54. — Cull oranges used as a humus-forming fertilizor** 

coarse, thick-skinned, and poor flavored. The optimi***’ 
amount of humus for citrus trees in California lia-H *»«»t 
been determined with any degree of certainty. No I** 

it varies with the distance from the coast, being hi^lic^^r *f» 
the hot, interior valleys. It is suggested that mamirc*-, **i’ 
its equivalent in other vegetable matter, to the desj>’tl» **f 
two inches over the entire surface of the land once a. y 


growth, and as the tops become thin, numerous ^ , 

sprouts push out from the trunk. The fruit is s***' 
and appears to be more susceptible to splitting aiucl • 
burn. Too much humus (a condition very rare ii' 
countries) causes too great a vegetative growth a-'t * * 
expense of fruit wood, while the fruit tends to grovv li* 
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8. Prevent excessive erosion on steep hillsides ; 

9. May decrease the amount of brown-rot. 

Bisadmntages — 

1. They may necessitate irrigation at times not good 
for citrus trees. 

2. Heavy root-pruning of trees incident to turning 
under cover-crop is not advisable while trees are blooming 
and setting fruit. 

3. They may increase cottony-mold in case the cover- 
crop used is a host for this fungus. 

A large number of different crops have been experi- 
mented with, but the ideal plant for this purpose has not 
yet been found. Some of the plants in use £^re, in the 
order of their importance, common vetch, Canada field 
peas, bur clover, fenugreek, hairy vetch, sour clover, 
alfalfa, buckwheat, and cowpeas; the last named crop 
being grown only in summer. 

Common vetch, Vida saliva, is by far the most com- 
monly grown crop. It has large seeds which germinate 
well, and grows throughout the winter. It has the dis- 
advantage of maturing rather late in spring and is in 
some cases a host for the cottony-mold fungus. In 
recent years it has been seriously injured and in many 
cases destroyed by a species of aphid. For these reasons 
the use of common vetch is on the decline. 

Recent experiments have shown that purple vetch, 
Vida atropurjmrea, is better than common vetch and it 
is to be hoped that an adequate supply of seed will soon 
be available. 

After an irrigation in the first half of September, the 


Cultivation^ Fertilization^ hnd Cover-^Croj^*"^ 

soil is well cultivated and fifty to one hundred 
per acre of vetch seed is either deeply drilled^ in ^ 

directions or sown broadcast, after which the irrigiitjcm 
furrows which are to remain all winter are irnmedin^tc* > 
laid off as close together as possible. 

If planted in October or later, the plants do not 
sufficiently well started before cold weather t(> iniikit 
ruueh growth during the winter. In northern Chiliforinn# 
under irrigation, vetch should be sown about the first of 
October. It will then make a sufficient growth tc> 
turned under in February or M^rch. 

In the citrus districts of northern California vetx*Ii IH 
iised to a small extent only, as the volunteer cTop of fnir 
clover is often very satisfactory. In many pliic^CH li 
common weed, malm, comes volunteer and growing to ii 
height of three or four feet produces a large tonnage <if 
green stuff. This plant is not a legume, but makes up^ in 
c|iiantity what it lacks in quality. Other weeds wlihdi 
sometimes make good cover-crops are erodium, known its 
* ^ filaree ^ ’ and a chenopodium. 

In southern California a winter cover-crop of scKinc? ktnci 
is the rule on all except the very stiff adobe soils near 
the coast. Such soils are injured in texture by lying 
without cultivation all winter, and consequently manure 
is used to the exclusion of a cover-crop, and the eulti%"ii** 
tors are kept moving all winter. 

The question is often asked whether it is not advisahli? 
to inoculate seed to be sown on land that has not pri!- 
viously grown that crop. In California, it has been foninci 
tha.t the bacteria necessary to nodule formation on tli« 
■more common leguminous crops are present in most soils* 
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The first seeding may not, however, be as abundantly 
inoculated as desired, and in some sections the bacteria 
essential to certain crops seem to be entirely lacking. In 
such case the land should be inoculated by drilling in with 
the seed a small quantity of fresh soil taken from some 
field which has grown the particular crop satisfactorily. 

A few growers who have sufficient water grow a sum- 
mer crop of cowpeas in addition to the winter crop. 
This of course is advisable where practicable, but on ac- 
count of the higher price of summer water and the need 
of most soils for frequent stirring, the practice is con- 
siderably limited. In the northern part of the Sacra- 
mento Valley, where water is cheap, the practice of plant- 
ing the orchards permanently to alfalfa is on the increase. 
As yet this can only be regarded as an experiment and 
should not be adopted on a large scale at the present 
time. 

SUMMARY 

In summing up this discussion of soil management it 
may be said that optimum production depends upon a 
number of factors working together. As a chain is only as 
strong as its weakest link, so the size of the crop cannot 
rise above the one factor which is farthest from the 
optimum. The effort of every grower should be to dis- 
cover the ^'crop limiter’' in his particular grove. First 
he should provide plenty of water to dissolve the plant 
food and carry it into the plant. Then he should increase 
the humous content to the point where his soil is actually 

alive” with bacteria working to fix for him the free 
nitrogen of the air and make available the tremendous 
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stores of inert plant-food in the soil minerals. This 
should be done by the application of manure or straw 
and the growing of leguminous cover-crops. The soil 
should be deeply plowed and cultivated in order to en- 
courage the roots to go down after the plant-food which 
in arid soils is available at unusual depths. The arid 
soil farmer has a great advantage in this regard, and this 
advantage should not be thrown away by shallow irriga- 
tion and cultivation. 

After all this is done it is time to consider the kinds 
and amounts of commercial fertilizers to apply. This 
will be found a puzzling question and one which must be 
largely determined by each individual grower for him- 
self. He should first experiment by trying out each 
plant-food element alone. A few rows should receive 
nitrate of soda, a few phosphoric acid, and a few sulphate 
of potash, with check rows receiving nothing alternating 
with the fertilized rows. It will require a number of 
years' patient effort perhaps before results will be evident. 
Having found the element or elements to which his trees 
respond, his next step is to determine the optimum 
amount of such fertilizers which it is profitable to use at 
the price he has to pay for them. 

Meanwhile the grower should apply to the remainder 
of his acreage, not included in the experiment, a fair 
amount of fertilizer as determined by the amount of 
nutrients removed in the crop, modified to some extent 
perhaps by the former results and experience of other 
growers in the immediate neighborhood. 

While fertilization is a very important part of the 
process of producing citrus fruits, too great or too quick 
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results should not be expected. A few extra pounds of 
fertilizer should not be expected to overcome the injury 
done by neglect or carelessness in irrigation, cultivation, 
or pruning. There is an old Roman proverb which applies 
especially well to citrus fruit raising. It is somewhat as 
follows : 

''The footprints of the owner make the best fertilizer.'' 




CHAPTER XII 

IRRIGATION 

In all parts of the arid Southwest citrus fruits require 
irrigation. In many localities in California, especially 
where the rainfall is heavy, deciduous fruits, such as 


Fig. 55. — Canal lined with cement. Transformation of desert hiUa 
into orange groves. 
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prunes, peaches, walnuts, grapes, and almonds, are grown 
very successfully without irrigation. The very deep rich 
soils not only encourage deep rooting, but they constitute 
a reservoir for the winter rainfall which is, or should be, 
carefully conserved for the use of the trees by frequent 
surface cultivation during summer. Citrus fruits, how- 
ever, being evergreen, transpire large amounts of water 
at all seasons of the year ; and while in the more favored 
locations the trees may remain alive, they should not be 
expected to bear commercial crops without irrigation 
water in addition to the rainfall. 

AMOUNT OF WATER NEEDED 

The amount of water needed will depend upon the 
amount of rainfall, the character of the soil, the climatic 
conditions, and the age and kind of trees. Heavy clay or 
adobe soils are usually difficult to saturate, but once well 
soaked they retain the water well, and a less amount is 
needed on such soils than on open gravelly soils through 
which the water passes more readily. Near the coast, 
where the air is moist, trees require somewhat less water 
than in interior valleys where it is more windy and the air 
is hot and very dry in summer. The draught on the tree 
for water varies with four factors : the temperature, rela- 
tive humidity, velocity of wind, and the amount and inten- 
sity of the sunlight. The observers of the United States 
Weather Bureau record all of these factors, but apparently 
no systematic attempt has been made to correlate them. 
The porous-cup atmometer automatically correlates all 
of these factors, the record indicating in cubic centimeters 
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of water evaporated per day, the total demand of the air 
on the plant for water. The writer kept duplicate atmom- 
eter records for one year at Whittier and Eiverside, 
California, for the purpose of measuring this difference 
in the climate of the two places. Whittier is in Los 
Angeles County, about fifteen miles from the coast, 
and situated on the foothills facing the sea. Riverside is 
about thirty-five miles due east of Whittier and on the 
opposite side of the hills. 


Atmometer Records June 1, 1911, to May 31, 1912 



Whittier 

Riverside 

1911, June 

686.0 cc. 

1,302.1 cc. 

July 

779.1 

1,301.0 

August 

934.8 

1,244.3 

September 

852.7 

1,421.7 

October 

989.7 

1,249.7 

N ovember 

1,544.0 

1,541.4 

December 

1,279.3 

1,371.3 

1912, January 

1,319.5 

1,211.1 

February 

1,025.0 

1,019.8 

March 

654.6 1 

620.4 

April 

464.8 

1,017.9 

May 

707.2 

1,643.4 

Total 

11,236T 

14,944.1 

Average daily 

30.7 

40.9 


^ Estimated from incomplete records. 


These figures show that the draught of the air for water 
is about 33 per cent greater at Riverside than at Whit- 
tier, and this fact considered in connection with the 
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Fig. 56. — Preparing the ground for furrow irrigation. 
(From U. S. D. A., Farmers’ Bui. No. 404.) 


more porous character of the Riverside soils explains' 
why a larger quantity of irrigation water is needed. 

Of course it goes without saying that old bearing trees 
require much more water than young trees, and it is essen- 
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tial for permanent success that the right to sufficient 
water for old trees be secured in the beginning and jealously 
guarded until it is all needed. As a basis for estimating 
the capacity of wells and streams, the available flow during 
the driest years on record should be taken. The rainfall 
is variable and it is not unusual for several dry years to 
occur in succession. At such times the underground 
stores of water are greatly depleted and the trees are apt 
to suffer. 

Inasmuch as the average yield in pounds of mature 
lemon trees is considerably greater than that of orange 
trees, it follows that they require more water, and this is 
borne out by the experience of the growers. 

From what has been said it is clear that no definite 
rule can be laid down as to the exact amount of water 
needed under different conditions. For the sake of com- 
parison, however, it may be stated in a general way that 
water to a depth of from thirty-five to forty-five inches, 
including both irrigation and rainfall, should be allowed 
bearing citrus trees. Full bearing orchards on retentive 
soils near the coast should be provided with about one 
and one-fourth ordinary miner's inches to each ten acres, 
while the same trees in the hot interior valleys and es- 
pecially on gravelly soils should have not less than three 
ordinary miner’s inches to ten acres. 

The miner’s inch in California has two values. The 
ordinary one adopted by custom is a stream flowing 
freely through an opening one inch square under a pres- 
sure head of four inches on the center of the opening. 
This flow is equivalent to one-fiftieth of a cubic foot per 
second or nine gallons per minute. The miner’s inch as 
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! defined by the statute of 1901 and known as the ^'Statute 

■ Inch^^ is equivalent to a stream flowing freely through 

; an opening one inch square under a pressure head of six 

I inches on the center of the opening. This flow is equiva- 

lent to one-fortieth of a cubic foot per second or eleven 
and one-fourth gallons per minute. All contracts for 
; water should specify the miner's inch to be used. 

SOURCES AND COST OF WATER 

j Water for citrus orchards is secured by diversion from 

flowing streams, by pumping from reservoirs in under- 
1 ground gravel beds, and from artesian wells. The best 

! ; water rights are old and well established claims to stated 

' j quantities of water from streams which are fed the year 

round by melting snows of high mountains. The right 
to a water supply pumped from wells is good provided 
the land to be irrigated overlies the underground reser- 
voir, the owner of such land having an equal right with 
other overlying land owners. In cases where the surface 
of the ground immediately over the reservoir is not suited 
to cultivation the water may be transported for use upon 
any land within the same natural drainage area. The 
right to transport water from one natural drainage area 
into another for irrigation purposes is questionable. 

Where a great many wells are put down in the same 
neighborhood they are apt to interfere with each other, 
and the general level of the underground water may be 
drawn down to such an extent that the pumps may have 
to be lowered and engines of greater power installed to 
lift the water to the surface. Artesian wells often cease 
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to flow under such conditions. In cases where a series of 
dry years brings about a marked diminution in the supply 
of the underground water, the lands immediately over- 
lying the water-bearing gravels have first right to the 
water; and in case these lands are not cultivated, then 
the distant lands enjoy prior rights in the order in which 
the water for them was appropriated. 

The cost of water is extremely variable, running from 
almost nothing to as high as fifty or sixty dollars an acre 
a year. With the development of cheap electric energy 
and the internal combustion engine, water may now be 
economically lifted to great heights. One large company 
near Corona, by the use of what is known as a boosting 
plant’’ run by an internal combustion engine, lifts water 
to a height of 750 feet for the irrigation of lemon orchards. 

The average cost of water used in citrus orchards in 
California is about twenty dollars an acre a year. 

METHODS OP DISTRIBUTION 

In the early days water was distributed to the high 
places throughout the orchards through open ditches and 
viaducts. These were very unsatisfactory because they 
filled up with grass, weeds, and silt and had to be cleaned 
out quite often. Not only was this expensive, but a 
great deal of water was lost by seepage. These ditches 
were replaced by wooden flumes, which answered well 
until they rotted out. They have been gradually replaced 
by concrete pipe-lines, which are now almost universally 
used in the citrus orchards of California. If well made 
of one part of cement to four parts of clean, sharp sand 
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this pipe is permanent and has proved highly satisfactory 
■wherever the pressure is not over ten feet. It is laid 
about fifteen inches below the surface or deep enough to 
be out of the way of the subsoil plow. The joints are 
carefully cemented to prevent leakage and the entrance 


Fig. 57. — Irrigating stands in operation. 

of roots. Where the pressure is greater than ten feet, 
steel pipe must be used. Concrete pipe twelve inches in 
diameter costs about thirty-five cents a foot, laid. 

The pipe-lines are laid across the rows and at the end 
of each row a standpipe is placed over the line in such a 
way that the water wfil rise to a certain height and over- 
flow back into the line. Each standpipe is furnished with 
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delivery spouts controlled by close-fitting metal gates. 
The overflow provides for an even pressure on the delivery 
spouts at all times. 

Where the check system is used the water is delivered 
at the highest corner in a large head and conveyed to- 
different parts of the orchard through temporary earth 
ditches. 

TIME OF APPLICATION 

Citrus trees should never be allowed to suffer for water. 
Olive trees, aside from dropping the fruit, are not per- 
manently injured, but citrus trees receive a setback which 
it often takes years to overcome. The soil should be 
watched and water applied before the trees show any 
signs of distress such as curling of the leaves or dropping 
of the fruit. It is very important that the grower keep 
in close personal touch with the condition of the soil to 
the depth of four or five feet. The only way to find out 
the condition of the soil is by digging holes at various 
places or by using the King soil sampler. 

Where growers take the water from a company serving 
a large area, they usually irrigate in rotation about once a 
month during the summer and less often during the rainy 
season. This system is objected to on the ground that 
there is not an incentive to use water economically. 
While the trees are small and the supply of water is greater 
than necessary there is a tendency to try to make amends 
for poor cultivation by over irrigation. 

Experienced growers are able to determine when a soil 
needs water by simply feeling it in the hands. Beginners, 
however, should make physical tests of the water content 
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occasionally. Such a test is very simple and may be 
performed by any one. Samples may be taken to a 
depth of four feet^ keeping the soil from each foot separate. 
These samples are weighed immediately, and again after 
having been exposed to the hot sun for the greater part 
of a day. The difference in weight will represent the 
moisture content. It is considered that six per cent 
i by weight of free moisture is sufficient, in sandy loam 

] soils, to keep the trees in good condition. 

^^Dr. Loughridge in his experiments at Riverside in 
j June, 1905, found an average of 3.5 per cent in the 

j upper two feet and an average of 6.16 per cent below 

this level in an orchard which had not been irrigated since 
! October of the preceding year. It had received, however, 

! a winter rainfull of about sixteen inches. On examina- 

1 tion it was found that the bulk of the roots lay between 

I the first and fourth foot. These trees in June seemed 

I to be merely holding their own. When irrigated, July 7, 

j they began to make new growth. A few days after the 

i water was applied, the percentage of free water in the 

I upper four feet of soil rose to 9.64 per cent. The results 

of these tests seemed to indicate that the percentage by 
weight of free moisture should range between 5 and 
I 10 per cent in average orchard loams.’' ^ 

The temperature of the water oftentimes has an im- 
I portant relation to the health and productivity of the 

trees. Hilgard^ has the following to say in regard to 

i this : To those who are located in or near the foothills 
and are apt to receive their irrigation water at a tem- 

1 Fortier, U. S. Dept. Agr., Farmers' Bui. No. 404, p. 24. 

* Ept. Calif. Exp. Sta., 1897-98, p. 54. 
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perature not far above that at which it left the high 
Sierras, this is a very serious consideration. Many a 
time there have come to the Station complaints of an 
unaccountable dropping of fruit, or injury to field crops, 
which, when investigated, were directly traceable to the 
use of cold irrigation water, at a time when the trees and 
crops were in full growth. As the same ditch may at 
different times supply him warm or cold water, accord- 
ing to the use made of it before it reaches the lower level, 
the irrigator should use, if not a thermometer, at least 
his hand and a good slice of common sense, to determine 
whether or not he is running a risk of injury by applying 
it directly to his land.^^ 

METHODS OF APPLICATION 

In orchard irrigation it is necessary that the water be 
evenly divided between all the units of space both hori- 
zontal and vertical. It is desirable that the water be 
retained in the soil until taken up by the roots of the 
trees. Part of the water may escape through leaching 
into the sub-drainage, and part will evaporate from the 
surface. It should be the aim of the irrigator to reduce 
the loss through these avenues as much as possible. Sub- 
irrigation through some kind of system of pipes would 
seem to be ideal, but has been found to be impracticable, 
on account of the plugging of the openings in the pipe 
by tree roots in their natural growth toward the moisture 
in the undrained pipes. 

Overhead irrigation is being experimented with on a 
small scale by various growers, and in some cases gives 
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Fig. 59. — Overhead irrigation syMtom in old orange orchard near 
Covina, California. 

of the orchard and from them radiate the delivery pipes, 
one over every other middle at an elevation of 16 feet. 
The patent brass no55zles, inch diameter, are placed 
four feet apart, and the streams of water are thrown 
laterally about twenty feet. The entire orchard is irri- 
gated at once and the delivery pipes are all rotated from 
one windlass in the pump-house. The equivalent of one 
inch of rain is applied in about twelve hours. 


promise of success. Mr. David Overholtzer of Covina 
is irrigating nine acres of twenty-two-year-old Valencia 
oranges by this method with apparent success. He lifts 
his water 147 feet or more from a well in the orchard with 
a Pomona deep well pump and a 40 H. P. gas engine. A 
centrifugal inimp keeps the i)ressure on the line at about 
forty pounds. The supply pipes run down the center 
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The two chief methods of application are by basins 
and furrows. Furrows are best for heavy soils, but basins 
are often necessary on sandy or gravelly soils across which 
it is impracticable to transfer the water except in very 
large heads. In loose sandy soils, water percolates with 
such rapidity near the head ditch that a large part is 
lost by passing far below the roots and possibly into sand 
and gravel strata, through which it flows away. In one 
orchard measured by Loughridge the water had per- 
colated to a depth of twenty-six feet at a distance of 
thirty feet from the head ditch. As it is doubtful if 
water at a depth of more than five feet below the root 
systems will be of any benefit to the trees, it is evident 
that a large part of this water was wasted. For these 
reasons it is advisable to use the basin system on all loose 
sandy soils. By the use of a ridger, the loose earth is 
thrown up into ridges midway between the rows in two 
directions at right angles to each other. This divides up 
the ground into a number of squares with a tree in the 
center of each. A ditch is then run from the supply line 
at the head down every alternate row by splitting the 
ridge in this row. The water is then admitted in a head 
of 40 or 50 miner’s inches and run through to the lower 
two basins. After these are full, the water is admitted 
to the two above, and so on till the double row is completed. 

By far the larger part of citrus irrigation in California 
is done by the furrow method. The orchard is divided 
into sections and head lines of concrete pipe with stands 
run across the orchard from 300 to 500 feet apart. The 
distance between these is known as a run.” The length 
of these runs is governed by the size of the orchard and 
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the kind of soil. Where the soil is open and water sinks 
readily through it, 300 or 400 foot runs should be used, 
otherwise much water is lost by deep percolation on the 
upper part of the tract. On very sandy or gravelly soil 
having a slight slope, the proper length of furrows is 200 
feet, while on heavier soils with considerable grade, th^ 
length may be increased to 500 or even to 700 feet. Th^ 
grade of the furrows varies widely from one per cent o]^ 
less to ten per cent or more. The steeper the grade, the 
more likelihood of washing and consequently the smaller 
the stream of water used. On ordinary soils, a three oi 
four per cent grade is preferred. Where the grade is 
more than ten per cent the furrows should be run oii 
the contour. | 

The number of furrows used between each tree row 
depends on the age of the trees, the distance betweeii 
rows, the depth of the furrows, and the character of the 
soil. During recent years the general trend of orchard 
practice is toward deep rather than shallow furrows, a 
depth of eight inches being frequently used. The furrow- 
ing implement ordinarily used consists of a sulky frame 
to which are attached two or three wide shovel plows. 
Sometimes a subsoil plow is run in the bottom of the middle 
furrow and again at right angles in the center of the 
middles in order to insure deep percolation of the water. 

As the trees grow and occupy most of the space, it be- 
comes difficult to run the furrows close to the trees, and 
consequently there is a large space left in the row between 
the trees which is not wet. This trouble is met by cross- 
furrowing. While this occasions a large amount of hoe 
work in reopening the furrows where they cross, it is 
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absolutely necessary when large wide-spreading trees are 
irrigated by the furrow method. Cross-furrowing is also 
used with newly-set trees when the cost of water is such 

as to require the most eco- 
nomical use. 

After the irrigator has 
walked along the row of 
stands and opened enough 
jets to consume the head of 
water, one to each furrow, 
he proceeds to the lower end 
and awaits the arrival of the 
water. As soon as two or 
three runs are through, he 
walks across the lower end 
and takes note of the progress 
of the water in each furrow by 
number. Returning to the 
upper end, he cuts down the 
flow in those furrows which 
are through^' and increases 
the flow in the others. This 
process is repeated several 
times until just enough water 
is admitted to each furrow to 
run through but not waste at 
the lower end. All the while 
he must devote some time to locating and plugging gopher 
and mole holes, which are apt to intercept some streams, 
and to keeping a watch for dams,” which are accumula- 
tions of floating leaves which force the water to rise and 


Fig. 60. — The King soil sam- 
pler is very useful for deter- 
mining the downward progress 
of irrigation water. 
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break over from one furrow into another, thus causing 
serious trouble. After once well regulated, the water 
should not require much attention, and is allowed to run 
till the ground is soaked to a depth of four feet as ascer- 
tained by digging or pushing down the shovel handle. 
After being turned off, the water in the soil will usually 
percolate a foot or two farther, thus wetting the required 
five feet. In case the water will not soak down on 
account of the presence of a hard layer such as plow-sole 
or hardpan, this condition should be remedied at once. 
This may be done either by blasting the soil in the case of 
hardpan or by using a sub-soil plow as described above in 
the case of ordinary plow-sole. 




rilAITER XIII 

PRUNING AND TOP-WORKING 

There is probably no horticultural operation about 
I which more dogmatic advice has bccui given than pruning. 

I Anaong practical citrus growers then* is much diversity 

f of opinion, and this is due in most <-ases to the attempt 

I to master all the details without previously obtaining a 

I true conception of the principles involved. 

I We hear little of the “ Let Nature have h(*r way ” senti- 

f ment in these days of scientUic horticulture. While our 

! old sweet seedlings may have (ieveioja*<l into fairly satis- 

* , factory trees with but little attention, the highly artificial 

; Eurekas and Navels which we grow to-day are different. 

I They should no more be expected to take care of them- 

I selves than should a highly bred Jersey cow turned out on 

f! the range be expectetl to give her noimal flow* of milk. 

It is difficult to give definite detail(*d (lireetions for 
I ; pruning of citrus trees because trw*s are like children, every 

i one different and prea<!nting a set of individual problms. 

' ! : In pruning citrus trees, the chief object sought may be 

stated as follows : to develop such sha{)e and size of tree 
; ‘ and strength of limb as will perm it the bearing of optimum 

I j crops of maximum quality without damage to the frame- 

; work of the tree; which at the same time must be c»n- 

14 ■- 
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sistent with convenient and economical cultivation, 
fumigation, and harvesting. 

The first requirement in achieving the above object is 
to head the tree correctly, and in the case of balled stock 
this is done in the nursery row. 

The Uwsnal height at which citrus trees are headed is 
about thirty-three inches, although there is some variation 



Fia. 51. — A. well fjrunod Eurolca, Icwioni orchard photographed 
August 10 th. 


from this, and two or three inches higher or lower will not 
make any material difference. It is not wise to pinch out 
the bud and head the tree as soon as the shoot reaches 
the required height. It should be allowed to grow at least 
six inches taller and then cut back to the desired height. 
This will result in harder and stronger wood at the top, 
where the main branches which constitute the framework 
of the tree are to grow. This cutting back will force into 
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growth a number of buds all along the trunk. Five or six 
of these should be selected for the main branches and they 
should not only be distributed on all sides but also ovct the 
upper thirteen inches. When two limbs join the trunk 
at the same height, they are apt to split the trunk under the 
load of fruit in later years. Whenever two branches grow 
out from one bud, one of them should always he removed. 
Every shoot which puts out from the lower twenty inehi^s 
should be removed. It is customary to allow the big 



Fig. 62. — Protot 3 rpe of California pnining saw. From Volckamiir's 
“ Hesporides," 170k 


broad leaves which grow on the main trunk to remain 
until the trees are dug for sale. The main branches may 
grow out a foot or so in length, but are usually cut back 
to six-inch stubs when the trees are dug. 

When trees are dug with bare roots, the entire top is 
cut off, leaving the trunk as a straight cane. The work 
of heading the tree must then be done in the orchard. In 
some places, it has become a common practice to make 
vertical slits in the trunks of young orchard trees with a 
sharp knife. In some cases, a V-shaped blade is used 
which lifts out a small strip of bark, the idea being to re- 
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lease an imaginary pressure the hark ami allow the 
tree to grow faster. There is no scientific basis for such 
a practice, ami while there is usually no particular hann 
Jme It IS unlikely that any real advantage rijsults. On 
the other hand, trees freshly scored in this way are verv 
much more surseeptibk; to injury by frost. In the freeze 
of Jimuary, IfiLl, thousamls of young tn-es were lost for 
no other reason than that they had recently bccui S(rore‘d 
m the southwest side ; and as a result of tlie cold followed 



i- -o. «3. - pruum« i;*„l thr„«Kh.>ut thn H^.uthwcrt. 


tt*Tnmk."" 

form IT are planterl in orchard 

form the methmis of pruning oranges ami lemons diverge 
and It IS best to .1 Lhcuhh them scjiarately . ^ 


miiinma mtAmm 


It has long iH-en tlw emttm, to prune orange tr««s very 

il d(.a<l brush, i he tree nsiiilting from this system is 
a denstt, bu.shy ball of foliage, growing close down to the 
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ground, with the fruit distributed over the surface on the 
ends of the outer limbs and twigs, and the insi<lc‘ an imper- 
vious thicket of dead brush or a closely shaded op<*n sfiace 
if the brush has been removed. While such trees are vtTV 
beautiful to the eye and produce fairly satisfactory rc'- 
sults, they fall far short of the ideal in oraiige pruning. 

Navel oranges of true standard type usually nc*ed little 
pruning during the first two years beyond rt‘inoving water- 
sprouts. If the Navels are from poorly Hele(‘t<»d Inids, a 
good many will throw up strong, rude l)ranches whicli are 
often more or less thorny, and whicli tend to rnonopolfee 
the tree and sap the strength of the more modest growth. 
All such shoots should be cut off early in tludr career 
exactly where they began. The best liraiudies of a first- 
class Navel tree naturally become more or less pendant 
and gradually upon such horizontal liranches upward grow- 
ing shoots arise. These shoots are dimorphic in cliaracter, 
and every pruner should learn to distinguish betw^t*en them. 
One form, commonly known as sucker growth, is large ancl 
rapid growing, reminding one of a young shoot of aspara- 
gus. The leaves are large and often resemble pomelo 
leaves. Long thorns are common, although a sucker may 
occasionally lack thorns entirely. Suckers often grow 
two or three feet in length before brauciiing or making 
one of the characteristic nodes which mark a resting 
period. 

The other type of growth, commonly known m fruiting 
brush, is more modest. It is thick set, fine stemmal, and 
with smaller but well formed dark green leaves. This 
type of growth will branch often and form fr^tient iicxies 
and many flower buds. The characte of a shoot is not 
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nec(‘ssarily det(‘nniiuMl hy its place of origin, for fruiting 
shoots oftc‘n arise from tlu^ truuk or main hraucli(‘s and 
hav(‘ a(‘(*css to large food supply and yvt do not develop 
into su(*kiTs. Th{‘y may l)e cxctH^dingly vigorous and erect 
with v<Ty larg(^ l(‘avi^s, and y(‘t t(‘nninate at six in(‘h(‘B 
in a flower hud and mature* a large, more* or l<‘ss (*oarse 
skinned orange. Su<*ke*r.s usually arise* from hranch(*s e)f 
some size*. Wh(*n ihew appe*ar low elowui on the trunk 
the*y are usually (‘all<‘d wate*r-si)rotits, although th(‘re is 
no ele*ar distinction he*twe‘(*n the* two. 

A su(‘ke*r left alone will, afte‘r a few ye*ars of rie)touH living, 
quie*t dowrt and pnaluee fine* lirush and fruit. The first 
fruit produee*d will he more* or le‘ss e’oarse* and inferior, hut 
tlie* quality will gradually improve* from ye‘ar te^ year. 
Many e*xperie*nc*(*d growe‘rH heli<*ve that HU(*k(*rs will n(*ver 
produce fruit fully <*<|ual in epiality to tliat home* hy e)tht*r 
parts e>f the tre*e*. Home* growers also (‘hum that the^ pr(*H- 
en(*e* of a large* Hue‘ke‘r in a Navel tre*e* will gradually bring 
about a deterioratiem in tin* quality of fruit borne on olde*r 
parts of the tre*e as re*gareiH .shape, (‘olor, and te*xture, and a 
diminution of tlie* quantity as w'e»ll. This epiestion has 
been a c*ommon hone e^f e*otite*ntion at Fanners^ Institutes 
auei Fruit (trowers’ mrs^tings in (’aliforuia for years, and 
thc*re is m yet no acreurate sc.aentiftc* elata upon which to 
base a c^meduHion, 

Of «*irtiiiri things w'e are sure, howeve»r* Hucke*rs do pro- 
cliiee pK>r fruit for mweral years. When suckers arise 
from a horiximtel lirnh, th(*y are apt to aeciuire gremt 
leverage when in fruit and often twist and split the parent 
Mrtih. Whim suckers arise* from upright hranche^s the*y 
are usually ijoorly attached and are apt to si>rit off with 
w 



210 


Citrus Fruits 


the weight of fruit. Suckens destroy the symmetry of the 
tree and reflect discredit upon the orchardist. Wlieri a 
sucker is cut back, its nature will not be changed at once, 
for it will branch and give rise to several suckers where 
one was before. For these reasons it is clear that as far 
as the Navel orange is concerned, the best practice is to 
allow the tree to increase in size slowly and develop its 
top out of the fruiting type of growth. 



Fig. 64. — A good type of pruning saw above. Poor type IxjIow. 


The two types of wood above discussed are not always 
clearly differentiated, and intermediate forms are often 
met with. Such forms are often puzzling to the amateur 
pruner, whose best policy is to allow them to remain tem- 
porarily and watch future tendencies. In every case 
where the growth is clearly a sucker, and exfMjrienced 
pruners find little difficulty in distinguishing them, they 
should be vigorously suppressed. 

It is very important to keep a careful watch for bud- 
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sports, cspf'dally in ol<l Xuvd trees wliieli have Ix'cn 
propagated fnitti earelessly seha-ted Imds. same sport 

will Hoinetimes appear many times on difl'en-nt trees in the 
same orchard, nsex])lained in ('lia])ter VII. Some growers 
confuse sporting branches with the dimorphic hranchc'S 
discussed ahov<>, whih‘ in reality the j)henomena are rpiitc 
distinct. Sjiorting involves a change in the genn-i)lnsm 
of the cells, while the dimor|)hic dill'erences mentioned 
do not. Sports may he removed while the branches arc 



still .small and the orchard thus kept true to tyi)e by prun- 
ing. Occasionally a tree may he encountensl which aj)- 
parcntly has ever-sporting tendeiu-ies. This is rlue to 
th«^ fact that the mutation oeenrr«‘d in the trunk early in 
the history of the tree, or even on tin* tree from which 
the original hud was taken, and the mutative (-ells have 
multipliwl and luvome dlstrihutcsl through various parts 
of the tree. It re(iuir<« v»Ty <lrastie [)runing to eur<! such 
a tret* of its batl liubitH, and it i.s ttfteii atlvisahle to pull it 
out anti plant a new tree in its plats*. 

It is well for the pruner tt> Iwar in mint!, hf>wever, that 
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while the great majority of sports are objectionable, 
of our improved varieties have originated as sports, a 
is therefore wise to critically examine the fruit of < 
sport discovered before destroying it. 

Valencia oranges grow in quite a different way. 

are not so i 
given to ei 
growth, but 
fruiting woo 
much more i 
growing than 
of the Navel, 
is apttheseco; 
third year . 
planting to 
duce a numb' 
bare canes 1 
or four feet 
which, branc 
at the apex, 
come Dverloj 
with fruit 
break down, 
well to pinch t 
shoots and \ 
them to brand 
fore they grow too long. This should result in a stro 
framework and render propping unnecessary in fu 
years. 

As orange trees come into full bearing, the weigt 
fruit bends the lower branches down to the groimd, * 


Fig. 66. — Vigorous fruiting brush growing in 
the place of suckers. 
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the result that upriglits form u{)ou them. All the up- 
rights wliich are of fruitiug typ(‘ of growth should l)e 
allowed to remaiu. TIuw may 1 k‘ dep(*nd(‘d upon to pro- 
duce a large pro{H»rti(m of th(‘ crop. Finally, however, tlie 
extremity of tlu‘ lower mother hramdi heeonu‘s weakened 
with mueli fruitirig, and, hemling low under the young 
growth, becomes smotluTtsl. It should then he cut back 
to vigorous growth or reinovisl altogc*th(T. 

In order that the short fruiting brush along the larger 
limbs shall produce a gn‘at(T<piantity of fancy inside fruit, 
it must have light. The top and sides of the tree are apt 
to get too tln<*k and kcc‘p the <*enter too dark. To prevent 
this, the wall of foliage slamld he opened iip cKaaisionally 
by taking out bodily a few small branches from various 
places in the walls and top. Tliese holes will let in sun- 
light, whidi shifts as the sun inovi*s aeross tlm sky. This 
is much better than outraging the tree l>y cutting out the 
entire top at one time. 

It is necessary to go over all hearing treses on(*e in two 
years to rernovi* all interfering and crossed limbs, as well 
as dead brush, and to thin the tops somewhat. The trees 
should also Ir* examirietl si*veral times ea«’h yc*ar, and any 
water-sprouts appearing mi the trunk or main branches 
removed. 


imrNIXO UKMOKH 

Young lemon triR’s Hhoiild be c*ut bai*k mwerely from the 
beginning. They shoiild laMurlHal in their riotous growth 
and for<*ed to iiicTiiim* in mM slowly and by the addition 
of the more or less crooked, niueh branehed fruiting type 
of wcrmI The tendency of the lemon, and espec/ially the 


Eureka variety, is to throw out long 
branches which fruit at the cukIs. These 
bend over and are not only in the way of 
cultivation l)iit are whipixal about by the 
winds and often break with tlie weight 
of fruit. The main object should }>e to 
shorten back and strengthen the H<‘atFold 
or main limbs in order that tluw may carry 
their load nearer the center of the tree and 
be stocky and stiff enougfi to withstand 
strong winds without swaying and thorn 
stabbing the fruit. This result is not 
always easy to attain. The tendency of 
lemon trees is to grow rapidly upward 
while most of the fnat is fK>rne on more 
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by the presence ef the high tops. It is the writer’s belief 
tlnut in deep, ri(‘h soil tln^ <H‘nnoini<‘ limit of bearing 
surface of the lemon tree? is not Ixdow ten feet. 

It is th(‘ custom of some growers to arbitrarily (le<‘ide 
upon a certain licightund them shear the tops to tliis line, 
making tlti» tnx‘S appear from above as flat as a floor. This 
shearing process results in tlu* brush (juickly becoming too 
tliick. It is much ladter to sel<‘ct those braiiches which 
rea(‘h above* the lim* and cut t!H*m of! at tlunr junction 



Fill, as, — A thm*->’«‘nr-oia Viil<‘a<*isi orrhard to|>-worktul to 

ii'moim. Th»i bisgiH iirotiM-i thit IhuIjh rtmt* 


with thf mother I»r!inrh. If a vij(oronH upward growing 
shmit is out hiiek for a part of itn length, it will put out 
several shoots whu'h l•(^ntiIme the growtli. When hnild- 
ing up a young trts', this is neeessnry, in order to make the 
main hranehes inor<* st<M’ky, hut it must ailways Ik; followed 
by a thinning out of thi; resulting shoots. 

The following five statenumts aix* in the nature of 
maxims and shoukl form th<^ basis of any rational system 
of lemon pnming. lljoy are aeet'ptctl by the maj(»rity of 
lemon growers : 

a. Lemon sap floi.vs more fretdy in vertical branches, 
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hence vertical branches grow at the expense of lateral 
ones. 

b. A lateral crooked branch is much more fruitful than 
a straight upright one. 

c. Fruitfulness and high quality are the results of a slow 
but steady circulation of the sap. 

d. The finest quality fruit is borne on small fruiting 
brush on the interior of the tree and the sap .supply of such 
brush should be protected from thieving suckers. 

e. The wider the angle the stronger the limb. Crotches 
with acute angles often split down. 



Fig. 69 . • — B'iftoon months' growth on 8t<K?kH «hown In Fig. 611 . 


Lemon trees may be pnmed at any time of the year, 
but it is customary to defer removing large limbs till the 
time when there is the least amount of fniit on the trm. 
This usually is in the late spring. Some of the larger 
ranchers employ pruners, for the mature trees, who work 
the year round. They confine their work to thinning out 
the fmiting brush, removing interfering and broken 
branches and suckers from the trunks. In addition to 
this a special group of pruners go over the trees each 
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spring and autumn and <nit out the superabundant growth 
of vegetative slioots in the tops. 

When it is necessary to ent off large limbs containing 
some good fruit, it is wise to pick this fruit from the limbs 
at oiK’e. If this is not done, the leaves (being separated 
from the roots) will draw on the water contained in the 
jui<‘e of the lemons and <lry them out very quickly. 

nmeoHrTJON^ of fruninob 

If prunings are to be hauled out and burned, they 
shcnild be removed to some distance, (utrus trees are 
e.xtreinely susceptible to injury from the heat of fires. 
However, in a country such a.H C'alifornia where humus- 
forming niatc^rials are s<*ar<’e, it is very wasteful to burn 
pninings. They sliouhl by all means lye eliopped up fine 
and plinveil into the soil. On sev(‘ral of the larger ranches 
|Mm'er cutters run by gastdiue engines are drawn through 
the orchards, tlie primings ladtig chopped up and allowed 
to lie where they fall till suc<H*eding cultivations gradually 
work them into the soil. On other ranches the prunings 
are C’Ut itp with hand shc^ars. 

mv'stsn FROHTFD TRKFH 

When citrus tm^ are injured by frost, it is wise to defer 
pruning «!veriil weeks or until it is perfectly clear just how 
fur buck the wcaxl bus Ihhui killed. After the line? of de- 
rnareatiori betir’cen living and dea<l wckkI lK,?comes appar- 
aiiti iici time slioiild Ik* lost in taking the necessary steps 
towmni riK?ctiistnietiiig the top in the? l>est way with the 
least loss of time. 
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The problems involved in mending and reforming the 
tops of frosted eitrus trees fall naturally into two c^lusses: 
those having to do with very young trees and those con- 
cerned with large mature trees. 


lieheading Young Trees 

When a one- or two-year-old tree* has Inm killed to a 
point near the ground it should first be determined in each 
individual case whether the dea<I vv(kh 1 ('xtends below the 
bud union. If there remains enougli live wood abena? the 
union to grow a strong shoot, such a shoot may be allowc^l 
to grow and l>ecome tlie trunk of the new trec% all other 
shoots being suppressed. If on the other hand the trunk 
is killed below the union, it will l>e ncH-essary to set a new 
bud. The opportunity is tlius prensented of rec‘oiLHic!eriiig 
the relative profits to he derive<l frcuu oranges, lemons, or 
pomelos. In cascj the root is sweet orange tlie !>ud may 
set immediately, provided th(*re is sufficient rcHirn to do so 
without exeavating tlie soil, for in no ease? should a bud be 
set below" tlie soil. In ease the trees have Ixam killed 
to the ground it is wxdl to select tlie most vigorous sprout 
and bud into this two or tliree inelies iiliove tlie ground. 
If the root is sour orange* or jKmielo, it is best to pliic*e the 
bud six or eight incdies from the ground on a strong sprout. 
This will result in a somewimt hiirdier tree and one more 
resistant to gum-di.sease. 

In all eases in which a new tniiik must be grown on trees 
already planted in orchard form, it i» neeessiiry of c.'oiir^ 
to stake the trec?s and tie them every few" inches, taking 
care to disbud often and remove all sprouts from the rwb 
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eventually heading the tree at the desired height. A 
stake larger than the customary building lath is advisable 
in order to prevent injury bypassing teams and tillage tools. 

When the tops of young trees are partly frozen it will be 
found, especially with lemons, that the more rapid grow- 
ing upright shoots have been killed, while the fine fruiting 
brush has been spared. Instead of cutting back all these 
injured shoots in proportion to the injury, it is much better, 
especially with lemons, to take out most of the very strong 
upright canes entirely. If they are merely cut back and 
allowed to remain, each one will throw up several shoots, 
which in turn must be cut back, the final result being a 
broom-like growth with far too many shoots. The proper 
pinching and thinning of such a multiplicity of shoots will 
involve much more labor than the commercial orchardist 
can afford. It is better, therefore, to remove most of the 
upright vegetative shoots entirely and rely on new shoots 
from the horizontal wood to enlarge the framework of the 
top. All water-sprouts arising from the trunk and around 
the crotches should be vigorously suppressed. It is a good 
plan to whitewash the exposed trunks in order to prevent 
sunburning of the bark. 

It often happens that the bark of the trunks of young 
trees will be split by the frost and will dryout, resulting in a 
strip of dead bark on the southwest side. This condition 
is not necessarily serious, provided there remains a strip 
of live healthy bark of sufficient width to provide a flow of 
sap to the top. The living bark will gradually increase 
in width and extend over the dead areas, in time covering 
them entirely. In order to prevent the entrance of wood- 
decaying fungi it is well to paint the dead areas with white 
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lead, asphaltum paint, or bordeaux paste. Bandaging is 
often resorted to in order to prevent the injured hark from 
drying away from the wood. Experience has .shown that 
this is of little value unless it is done immediately or within 
a few hours after the injury. On a large acreage it i.s im- 
practicable. 

Reheading Mature Trees 

. Orange trees are much more resistant to fro.st than lemon 
trees. Over certain large areas the freeze of January , 1913, 
ruined the fruit and completely defoliated the trees without 
killing back the wood to any appreciable extent. In 
such a case the trees need no extra pruning, although 
while the leaves are absent a good opportunity presents 
itself to remove conflicting branches and thin the brush 
with greater ease and efficiency than is possible when the 
trees are covered with leaves. 

Where the wood is killed back to any extent, however, 
too many shoots are apt to start from the live wood and 
many suckers appear about the crotches. Th«)reticaily the 
shoots should be thinned out, leaving only what is nee<led. 
Those left will be stronger and bear more fruit than if such 
a large number were allowed to struggle for life. Practi- 
cally, however, such a course would require more lalmr 
than is available and large growere will have to adopt 
the next best course, namely, that of cutting out all the 
dead wood and thinning the new growth by tdking out 
bodily a certain number of branches. 

Where lemon trees have been killed back severely, it 
is best to withhold or decrease the fertilizer during the 
succeeding year in order that a jmore moderate growlfc 
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may take place. Proz;en trees have been thrown out of 
balance. They have the same amount of root as before, 
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of labor will be required to properly sucker the trees. If 
additional stimulation is brought about by the application 
of quick-acting fertilizers, this trouble will be increased. 
Wise lemon growers prefer to build the new head out of 
the more moderate growth of fruiting wood rather than 
out of water-sprouts. It is not necessary or always ad- 
visable to root prune frosted trees, but if hardpan or plow- 
sole exist, it may be broken up with a subsoil plow at this 



Fig. 71. — Pruning a frosted lemon orchard. 


time with less injury to the trees from cutting large 
roots. The number of roots which may be cut with 
impunity will of course depend upon the amount the tops 
of the trees have been killed back. 

It seems reasonably certain that no injury to the tree 
can result from any of the materials passing from the 
frozen oranges back into the tree. An examination of 
those oranges which have been too badly frozen to be fit 
for shipment shows that most of them have been only 
partially killed; consequently they are presumably re- 
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spiring carbon dioxide. This loss of energy would be saved 
if the oranges were removed from the tree rather than al- 
lowed to hang all summer. There is no experimental 
evidence, however, to show whether this loss is sufficient 
to warrant the cost of early removal by hand. In case the 
fruit is picked off the trees it may safely be plowed under, 
tlius adding humus and some plant-food to the soil, 
lliere is no danger of the soil becoming acid as a result 
of this pra<!tice, for in some orchards cull lemons and 
orang(!S are regularly used in large quantities as a manure 
with only iKUieficial results. 

TOP-W^ORKING OLD TREES 

It often becomes desirable to change an orchard from 
one variety to anotluT by top-working. Any variety 
of citrus tn^e may be top-worked to any other variety, 
altliough sorm* (‘ombinations succeed better than others. 
It is thought that Vahmcia oranges do not always do well 
when worked on lemon. Satsuma, as a rule, should not 
be worki*d on sour orange. 

TImtc is no particular difficulty in regard to this process 
except tlint it iiiterfcTCH with the production of the or- 
chiird mid iriiK*li time is lost during the transition from one 

variety to finotluT. 

Toi>-%vorkifig may be acxmmplishcxl in any one of three 

wiiys : 

L Ey cutting off the entire? t(q> and budding directly 

into the tniiik or large limb stubs. 

2* By eiittirig tin* top back to large stubs and allowing 
strong shoots to and later budding into these shoots. 
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3. By cutting back the top to small stubs an<l budding 
directly into these. 

This last method entails so miudi labor and troulde 
in keeping water-sprouts down that it is little used except 
for highly prized dooryard tretfs. 

Some growers cut the entire tops off as .s<M)n as the Inids 
have taken ; others leave a few branclurs to draw the .sap 
by the buds. “ Safety hramdies,” as they are called, prts- 
vent the buds from being “ drowntsl out ” and should 
be left when top-working is done in late spring or summer. 
Some growers cut away a few limbs a few months before 
budding in order to cause the old bark to slip better. 
The thick heavy bark of old limbs or trunks shmihl l)c 
scraped down thin immediatedy surrounding tlu" bud at the 
time it is set. Large buds shouhl be uscal and in many 
cases they take better if the bit of wo<hI wliieb is severtHl 
witli the bud is remove<l, thus bringing together larger 
areas of cambium. 

After the buds have begun to grow, great care should 
be taken not to allow any sprouts from the old wtaai to 
grow up and crowd them out. In some cases, as when 
lemon is worked on orange, it is easy to tell stock from 
scion, but when two varieties of lemon or orange are 
worked together, it .soon becomes very ilifficult to tell 
which is stock and which is .scion. On ac-txamt of this 
difficulty, and for other rcason-s, the toj)-working of old 
orchards is practiced to a much smaller extent Jiow than 
formerly. 

When an old orchard is top-worked, the trunks should 
be protected by whitewash or sacking, for sunburn will 
be almost sure to result from the exposure of tlje bark. 
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PRUNING TOOLS 

The operation of pruiiingiiivolves thcmakingof wounds; 
aiul siiH’c^ th(‘se wounds heal over quickest when the cut 
is smooth and even, it follows that any tools which crush 
or tear the* hark are objectionable. For all small brandies 
and twigs, a strong sharj) knihi is ideal. It is a fact, how- 
ever, that for economy's sake, some form of hand shears 
witli one* l>lade and a guard are universally used in com- 
mercial orckarcls. For larger branches the two-handled 
lopping sfiear.s are most convenient. For removing large 
limbs, a saw is nece^ssary, but the pruning saw with teeth 
on both edges should lie avoided, as it is too difficult to use 
witliout daimag^ing the tree. By far the best saw for use 
in a dtnw orcdiard is that known as the '^California'' 
priming saw (Fig. (>3) with reversible and detachable 
blade*. Tlie blade* of tliis saw may Ix^ turned in any direc- 
tion, and it is especially convenient for work in close 
plac*c*H. It in very important to kcHip all pruning tools 
sharp. A Isalf dojcen extra saw blades should enable the 
limner to ke^e|> a sharp, well-set saw in hand at all times. 

A siitisfiictory outfit for the citrus tree primer may be 
eriiinierated as follows : 

L A skirt, light stepliukler. 

2. One pair strong leather gloves. 

One pilr hand shikars (nenckeFs special No. 9 pre- 
krr«i|. 

4. One Ciilifcirnia pruning saw (six extra blades). 

ih One B. & IL s|>et*ial pruning saw. 

IL One pair lopiiiiig shears with riveted wooden handles. 

7. Buekftof paint with bmsh for dressing large wounds. 

qi 
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WOUNDS AND DREHHINGB 

All large limbs should be sawed off elose to the trunk 
or mother limb in such a way that iu*w bark will grow over 
the cut surface from all <lirections. This takc‘H niost 
readily when the cut surface is paralk*! to the motluT liirih. 
Stubs are a source of danger to the tre^e and reflect dis- 
credit upon the orchardist. Wluui a sucker is <nit off and 
even a very short stub left, other suckers will {)ut out from 
the same point until there is formed what is known ns ii 
sucker-nest/’ This is very objc^ctionahk*, ami whtui such 
sucker-nests are found in old trees they should be 
moved cleanly with one cut of the saw, going well into the 
wood in order to stop any further growtli of siurkers from 
that point. 

It rc^iuires several years for a large wound to heal over 
entirely, and during this time it is susceptible to infection 
by various fungi which cause the w^ood to decriiy. The filter 
checks in the wood which form as the wound dries, are 
ideal lodging places for the Hp()rf‘s of decay-prcKhieing or- 
ganisms. Decay often slowly works its way back into the 
trunk and causcis hollow cimter. Decayed wood in the 
heart of a tree weakens it and brings on a diseased mndt- 
tion. Fortunately it is a simple matter to prevent this by 
disinfecting the wounds and applying mma dressing wMili 
will protect the exiKised wood while it is healing over* 

In the case of pruning-wounds where small limbs are re- 
moved' it hardly pays to go to the expense of diniiifaetiiig 
the wounds before the dressing is applial. In surgery, 
however, where large caviti^ are chiseliMi out and where 
krge limbs are rmoved, it is well to apply a coat of liqukl 
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creosote^ to sterili/.e the wound and after this has dried 
the waterproof dressing may be used. 

llie inattiT of complete covering is of the utmost 
importance. Wound dressings should exclude the air and 
n*nd(T tlu* cut surface im{)ervious to water. As infection 
may take* plac(!^ through a very small opening, time and 
lal>or an* (‘iitirely wasted unless the wounds are com- 
pletely c<na*n*d. 

A large numlx’^r of substances which vary widely as to 
cost and convenience of application are used for dress- 
ing wounds. Ab a rule those which require heating be- 
f<ire a|)plicatioii are not to be recommended, because it is 
t<K> nuH*h trouble to carry a portable fire in the orchard, 
and the hot sun in summer is apt to cause them to melt 
and lea Vi* the wound. Out of a large number of formulae 
three have be«‘ii sel(*cted for mention here. No. 1 is satis- 
factory for HUiiill jobs in yards and gardens, but is much 
inc»re expcmHtvc* than No. 2, which should be used in all 
largi! orcfhiirils : 


No. L 

Alc^ohol 

6 oz. 


Turpentine 

1 oz. 


Tallow 

2 055 . 


Ilosin 

1 lb. 


Ilimt the* tallow and rosin together, cool slightly, and add 
iilc*iitiol-. I'heii stir in the turpentine. This may be used 
eolcl. 

No. 2. Asptiiiltiirn paint. Heat the asphaltum till 
thcirtiwghiy inrltcd and, afti^r removing to a safe distance 
from irt!, ililiitc* with berr/ine to make a mixture which 
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when cold is of the c;onsist<‘Hcy of thick paint. Ah the 
asphaltum varies greatly in density, no definite* proportion 
of benzine to asphaltum can he stated. As|)haltuin trre 
paint may be bought in cans already mixeel, but isnuu-h 
more expensive in this fonn. 

When on account of gum-eliseasc, wind lereakage*. to})- 
working, or other rea.sons the tninksof old trees arc exi)osj*d 
to the sun, they shotdd he prot<‘cte<l with a coat of tnx; 
whitewash or bordeaux paste or No. .‘1. 

No. f 1 lb. copjrer sulfate or bluestone 

I 2 qt. water 
f 2 lb. quick lim«! 

\ 2 cit. water 

Solutions n and h should he preparwl separately hef<>re 
being mixed together. 

Tar is often recommended as a wouml dn*ssing, hut <s»al 
or gas tar should he avouhsl, as it usually e«>ntain8 com- 
pounds which are injuriou,s to the hark of citrus trees. 
Mo.st of these injurums conqjounds are volatile anti may 
be driven off by boiling the tar, hut even the httihsl tar 
has no advantage over the a.H[)haltum i>aint. 

Small cuts heal over quickly and art* u.sually so numer- 
ous that it would hardly pay to apply the dressing. Ordi- 
narily cuts less than one inch in diameter are not dresstsl 
unless they are conveniently situated. 

Often in old negkx:ted orchanls tre«*s will be fouml ui 
which decay has worked its way back into the wood t»f the 
trunks. The proper treatment of such cases involves 
tiw surety, the methotls of which have betm well de- 
scribwi and illustrated by J. F. Collims in the United States 
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Department of Agriculture Yearbook for 1913, pages 163 
to 190. It is iu*(a^ssary of c!ourse to remove all of the de- 
caycMl and discolonni wood by 'means of suitable tools 
su<“!i as (‘hisels and scrapers. After the cavity has been 
carefully (leaned out it should be sterilized with creosote 
a!id then given a (?oat <d’ asphalturn paint. The cavity 
may then l>e filk‘d witli ceiru^nt (1 part of cement to 3 of 
Hand). It is ne(‘(»ssary to undercut the cavity somewhat 
aftt*r the fashion of a dentist preparing a cavity in a tooth, 
in order that the bl<K‘k of cement may be held in place. 
vSoiiietimes nails are driven in large cavities for the same 
purjKiHC^ After tlu‘ ci‘ment has hardened the whole 
jol> should lie painted ov(‘r au<l thoroughly waterproofed. 
It is wist* to insj>e(!t mvh w’ork at least once a year and re- 
paint if not entirely waterproof. 

If prc){KTly treat(nb such cavities will lieal over in a few 
ami the tree will l)e siived and greatly strengthened. 

It is it ecammm tiling for tlie main branelies of old lemon 
trt^es wdueh haV4‘ liemi improperly headed to split down 
under the* loa<l of fruit. Such branches may he saved for 
rriariy years of UHc^fulness by bolting. Auger holes should 
Im bored directly thniugh the trunk and large iron bolts 
with wiishers iisi*d. It is important in such cases also to 
cmrefiilly disinh^ert the wcamds made, and dip the bolts 
aiifl w^ashers in bordciiiix jmste Ixdore inserting. On ac- 
cwiiit of previtleiicre of tfa* gum-disease organisms and the 
mm* of iitocniliitioii disinfection is especially important. 
The cracks in the trimk should he ftlled with bordeaux 
before they are drawn together. The bolt heads 
anil the exterior of the crac*ks should be given a coat of 
miilialtuiii when the work is cMomplete. 



CHAPTER XIV 

FROST AND ORCHARD HEATING 

Perhaps no phase of citriculture has advanced with, 
more rapid strides during the last few years than orchard 
heating. For hundreds of years in certain parts of Europe 
some protection to vineyards and gardens has been se- 
cured in a crude way by smudging. The modern science 
of orchard heating as practiced to-day, however, has been, 
developed within the past fifteen or twenty years. More- 
over this subject is of such vital interest to every citrus 
grower that it is considered well worth while to discuss the 
matter more or less in detail. 

HISTORICAL COLD PERIODS 

In Blodget’s Climatology,^^ published in 1857, we find 
mention of a cold period as early as 1748 which caused con-^ 
siderabie damage to the tropical fruits of the South. 
Other cold periods occured in Florida in 1766, 1780, 1800, 
1835, 1852, 1876, 1886 ; and in 1894-95, the memorable 
double freeze occurred which almost wiped out the citrus 
orchards of Florida and changed the geography of the 
citrus industry there. Cold periods may therefore be ex:-? 
pected to recur at intervals of about twenty years. 
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In California the available records do not extend so far 
back. In 1882 a severe freeze was experienced, a mini- 
mum of 21° F. being registered at Fresno. Ice was 
formed in Los Angeles, and the surrounding hills were 
covered with snow. Other cold periods occurred in 1888, 
1891, 1895, 1899, 1911, and 1913. Frosts occur in Cali- 
fornia at average intervals of five or six years. Fortu- 
nately California has not so far experienced a frost ap- 
proaching in severity the one which visited northern 
Florida in 1894-95. It should be pointed out, however, 
that the great damage in Florida was not due so much to 
the severity of the frost as it was to the peculiar relations 
of the two cold periods. The first denuded the trees of 
foliage and fruit and was followed by a period of warm 
weather. When the new growth was pushing vigorously 
and the tender shoots were about four inches long, the 
second freeze came and killed the trees to the ground. 

The freeze of January, 1913, was the most damaging in 
the history of California, and in the southern part of the 
state the temperature was lower than had been known for 
a period of sixty years. Heavy frosts occurred on Janu- 
ary 4, 5, 6, 7, and 8. Strong winds preceding the frosts 
came from the north and northwest rather than, as usu- 
ally happens, from the northeast. The wind began to 
blow shortly after noon on January 4, and continued until 
3 A.M. on January 6. Instead of the usual draught through 
Cajon Pass at an elevation of 3823 feet, the winds came 
directly over the Sierra Madre Range, whose elevations 
exceed 6000 feet. During the midday hours on the 4th, 
6th, and 6th, the temperature did not rise much above 50° F. 
and in some places did not reach 50° F. Apparently the 
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whole mass of air, to an elevation of several thousand feet, 
was at a low temperature. The wind was extremely dry. 

During this freeze the fruit was subjected to tempera- 
tures below freezing for four successive periods, averaging 
four hours for the first, thirteen hours for the second, 
thirteen hours for the third, and nine hours for the fourth. 
In all, during a total period of 72 hours, during which, 
under normal conditions, the trees would have received a 
supply of heat approximately represented by 1500 hour- 
degrees, starting from a temperature of 40° F., they only 
received 220 hour-degrees. There were 170 hour-degrees 
below freezing, and of these 50 were below 25° F. 

Minimum temperatures of 13° wer^e recorded at Escon- 
dido ; 16° at Chino ; 17° at Pomona ; 18° at Redlands ; 
21° at Riverside and Pasadena ; and 25° at San Diego. 

This cold period destroyed at least ten million dollars’ 
worth of fruit, to say nothing of the damage to the trees. 
Yet the industry recovered very quickly, and in 1913-14 ‘ 
the normal amount of fruit was marketed. During this 
trying period the practical value of orchard heating was 
clearly demonstrated. Orange growers who were properly 
equipped saved their crops, and lemon growers also saved 
their crops and trees and in some cases marketed sufficient 
fruit the following summer at very high prices to pay the 
entire cost of their heating equipment several times over. 

With deciduous fruits, the damage is done by late spring 
frosts which occur after the trees have blossomed. It is 
only necessary therefore to be prepared for orchard heating 
during a few weeks in March apd April. With citrus fruits, 
however, it is very different. The fruit hangs on the trees 
all winter, and it is necessary to be prepared to heat the 
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orchards at any time between November 15 and March 15 
or for a period of four months. 

FORECASTING FROSTS 

There are several ways by which plants lose their heat. 
When two bodies at different temperatures are in contact, 
they tend to become alike in temperature by the direct 
conduction of heat from the particles of the warmer body 
to those of the cooler. Thus it is that the earth and living 
plants upon it, having become warmed by the sun, lose part 
of their heat to tlu^ atmos])here lying directly above them, 
through this proc(*.ss (»f conduction. This heat is con- 
ducted slowly upwanls in the air. Air, however, is a poor 
iibsorber and <‘onductor and would become warmed only 
very slowly witc it not for another process of greater im- 
portaiK'c which soon iH^gius to act. 

Air, like all other gases, expands and becomes lighter 
u|>o!i heating. dlHTehjre, the air at the surface of the 
<*arth w!n<*h has iH^comc? heated by conduction, rises, and 
its place is tiiken l>y the colder air from above. A kind 
of c'ircuiatiiiii is tlius set up, somewhat resembling that in 
ii vcHHcl of water which is being heattsl. 

In the Iiorii^onta! movements of the air, which we call 
winds, the* priMTHs of <*<>nvection also comes into play. 
When a cold wind is blowing, as every one knows, the 
lieiit of expo-HiiI iKHlies will rapidly carried away. 

ily still itnotlier iniiuiH is the heat of the earth and trees 
lust to till* iiir iibovi*. It is expended tn the process of 
eva|Miratiiig moisture fnmi their surfaces. The heat 
thus k»t is coiiiiiitirily said to have Imm changed into 
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latent heat ; it is really not heat at all in this latent con- 
dition, but is simply the energy needed to overcome the 
intermolecular attractions of the evaporating substance. 
Evaporation may be of considerable importance in lowering 
the temperature of vegetation, especially when the air is dry. 

But the three processes just mentioned are by no means 
sufficient to account for the tremendous loss of heat which 
occurs on a quiet, clear night when freezing temperatures 
are most likely to occur. The fourth and much more 
important way by which heat is lost is by that peculiar 
process known as radiation. By this process the vibratory 
heat motion of a body is transferred in part to the ether, 
setting up in it waves which proceed outward along straight 
lines and in all directions, in the same manner that sound 
waves emitted by a vibratory tuning-fork proceed out- 
ward in all directions through the air. The surface of the 
earth is continually losing heat by radiation into space; 
but during the day it usually receives heat more rapidly 
from the sun than it loses it by radiation, and therefore 
it grows warmer. At night, however, when the sun’s 
heat is cut off, the effect of loss of heat by radiation is not 
counterbalanced and the earth’s temperature conse- 
quently falls. Radiation takes place more rapidly from 
the surface of plants than it does from the air about them, 
so that, on still nights, these surfaces are frequently cooled 
several degrees below the temperature of the surrounding 
air. 

Factors influencing the Occurrence of Frost 

Wind, relative humidity, and absence of clouds and dust, 
all influence the occurrence of frost. On still nights tite 
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liir iiH it riiftiH lirmiip-H ifH*lf in ntmtit. thv evident and 
lii*irvir^Ht Iir-xt tlir gmund. Wind finals to niiic thv air and 
brittle it nil to ihr siiinr tinn{H*ratnr«% whioh r»f {»ourse 
would 1111*1111 an iiirmiHr in tin* triiiprmtura of that naxt 
thr groiiiifl whirh h in oontart with tin* iilantH. 

AtiiioHjifirrio iiiiiistnri* I’old in two ways : fir.st, 

it riijiriis tilt* rsoiijir Ilf fhr day's haat. liy radiation at 
imht ; siToiid. till* hitvnt lanti of tla* vapor hviNiniaH 
.snidbli’ brat wfion tlio oondoiiHation of thr vapor takan 
jilava. I hi* indiri'ft iiif!u«*nc*a of tba %vafar va|>or in the 
liir* iii radiation fnan tlM* rnrth, is a powerful 

c'oiisrrvafor of boaf. 

Wlitii tiioi'Hf air in nooled* it will finiilly reaeh a 
teiiip*‘ra!iir«‘ of Haiurnfifai ^^-btob is known an tin* 

'ttb«ii lio inorr wafrr vapor run be held at that 
fi*iiip«-ra!.iiri*. Wlieii eooled furfber, wafer will be de- 
jiodfrd lii|iiid drops nii-wi if the friiiperiitnre in abovi* 
jiiiiiif, or a-, ire erystals efrostj if below thi* freez- 
point, Sim\ wben %vati*r vapor h ehanged into 
Ikjiiid form, a hir^e nmmmt of heal is liberated'- - the 
siitiir ftiiioiiiit ivliirti is reijinred to eliiinge tlie same 
t|iiisiilily Ilf wa|i-r intu vapor, lids liberated heat Ive- 
fsiiiies iiviisliiliir to tt'lirtii the idf. ft is Kiiiil that the 
|ir*‘eijiiliiliofi of oiif* f|ijiifi of flew’ will libi^nifr' enoiigli 
liriit to minr ||ie friiija'naiire of ItiMI laibie fret of air 

25"' fv' 

iiIhi'i liiive I* liilirked iidliieiire irt |irrveiitiiig thes 

i#f Itriii flit* ; they ridlVet or riidiiite 
liiicl If# tlir belli wldf'li froiii It, 11'iere* 

^ . If , f>rebart|« Atmiawt Friiii/* 

lliii.. Mo. ?il, V'Mmmrn mmu$ ||i»»,r4 of Umlmullnnu .lilMI, 
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fn^sts, as ii nilr. d** m*! ^upi 

the dcnidini^ up ef tlif >l%y ihiriiig tiir tuny 

prevent expec'ted fro.^!. Ihi^t itfpl -u pi ifi 

tlie air iwt in nnieli the Miiiie way ii.m rlinei:-. 

The ('(aiditiuiiH fiivi»ra!4e hir ii iriiiy thiii h* 

Bimmnanzefi as fulluws: 

1. A clear sky; tliu^ ii*» rlieii !«» nf 

heat frcini tlie ■eiirth iiial treeH Ih' 

2. Dry air; heeait-He hy riifiisi!i*'iri «'ii! thru 

eentiiiue te a niiteli Imver trmprmtufr bvfpir*' Iwiiig 
eheektai hy the Ithenitisl in vim4rtm%ihm, 

*i Still nights; heeiinse tlie air, fail hriiig liy 

tlie wind, iirraages it^.elf in mrvunVm^ 4i'tr4ly, 

with the <sjlili*r, heiivier nir hnii^alh in rtmtuH milJi 
vegc*tiitic)iL 

4. Very enld dry inirlli ivimh wliitdi iihiilr li*"frirr liamii. 

5. A iHmtpnmthvly Hinnkr and ilie4 frrr 


Ijmtl fViie/ihViiiJ fiffrriiuf frmt 

Praetieiilly in^ery rilnis liislriet in < alifwriiii li«i ili 
frimty and its frmtlmn sj«as* Even nii llir fttiirlt 
tilt* line is nflen tdeiirly tlrawti la^lw^reii siifr itiiti daiiirmiiii 
grniiinL There lire ^*ventl rnisinis fiir !ii itir Iir4 

place it Lh w^ef! krinwii thal frnst ts less likriy li« wtiir it 
ificMlerate eleviilimis, tir mi hm liilDidrs* tltun in hiW’diitig 
vtllrya mill riepressimis. This is tiy m'lial m 

kittiwii im ** triversimi nf leitijw^ratiin^/* fin m liilDidr nr 
lM*rieIi kill! with gmal slfci|«*, llir air, its it r$m$U iiinl 
heavier, will fltiw^ niiietly dnwtmmnl inn! itdlril itt llir l#iw* 
kiiili, tliiB emwiiifig llie wanner air iifwarti llik m-ariti 
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iiir flfiiifiiig <'*ii out ti* tho }al!’4i|r, to wliif‘}i 

it i!ii|iiirfH It purfioii of it‘. finit, Aiui .ho ii I'luitlr tiiil 
riiiii{»}rx finniliitiiui k»^|jf up for tli«* 

of oiu* of Itolf iumI till' f‘r«4iiu|4 of iiuiif tif*r. 
Ilftiui tlrrr iirr iiiikiitiwn loral iiiflmuii’tng tlii:4 

rimiliifiiiii rn'iiirli uiiiki’H it \'i*ry iliffirulf to on 

«uy giv«-ii Iiiil44f* jur4 \Uu’rr thi’ tIuTiriitl brlt will fir. 
Thin is fiiu* ISO iltuilif to vuriouH iiUHoiii rroHH-rurrriitH 
vnmM !iy tlir irrr^nibnfirH of iIm* iiunuiliiiii'^. Agiiiru ii 
viillry in iiHiiiilly ‘4uuif‘*f for u lorigrr jirrioi], liofli in flit* 
iiiiiriiiiii: iiii4 ttiiiu nil tin* upliiinl’-i; flirrrftirr 

it gor?4 ifitii llif* 'ivitli n lion of finit ivith wltirli 

III rfilllitrriifi. frri*“/ 4 li|f 

41ir Ivjii* of fro4 jii’4 iloHrriboil flu* iii*ririiii kiiiil 
rxjii4iriinri! in t 'iiliforiiiii nijil known loriiltv' m it *' urnvify 
fro.Hl.** lliis ty|w* of f'oki in f’oi!ijiitriilivt*!y rii\v 

tri wilti i»rr'luir4 lionlrr’-i. (It'nt?4tiiiiil!y, liom"t'i4’*r» 

t!ir rolpiilioir^ iiri* rr%$Tsr*i, ns %%-m wril r'^riiifilifiril in 
till* of JiiiiiiJiry, Iftkl, rhiritig f.lib |«*riofI 

llir riikl iiortli ^ivrr|4iig iliri^rtly ifoivii from iivrr 

till* liioiilitiiili fri4 ill lifigltl, r$m:ml tlir trrrn 

nil itir ii|iliiiitl?t or tlirriniil to iiiorr :*4.rvrrrly 

tliiiri llio«* filiiiitni on Ir*wf4 Imifk %iTri* flit oroimnl:^ of 
Orarigr 

€imdiimm iiwlirtiliiif in f ttlf’/oriiMi * 

Ttie ifiiitlitiifii |irrf*rfling- fro^l in f .jiliforiiin h 
by till* lif it low Imroiiirlrr iirrii frotn liliilio 

*Atia|iiiMi fmiii A- it ** Figlitirif/* Ik §. 

Wimlliiir Km, %l aii 4 2 lit 




Illir 4 rtjll‘1, ihrijrt' r ■,! 'a isr 4 11.1^1 ?t; Xr-, 

llfi«i filliilly "-4tii!}imia4 l.^rf flir 

11111^4. jliirt, fr*rj|> llfr <|u*^' !«» tiir r Ir-isM t #f lyf 

friiiii lit*' ii**f iii»*'ii'4 , ii|v..« * Ilf ii |s#m' 

lirr.ll li i 

liml h f*il!*imf**l by n hi^li it^mi n*->ti'hrf'u f 

i\mvrTm4} ^ %ilir'fi ibf* ?iir irprM-^t llir iisliiipl, tln'fr 

i*i lifilr iliiiii^^rr fr*»iii fr*»‘4. 

Tin* *4 n^.»l|!|irfl-4 < Jfniflfl^r 

Ilf lltr llir ff«*lll tin*' llPiiiist iiliri iiif'4 iif fettmn 
f*fi4 II rrlnrii insi^r'itirni «4 tlw mt ii4.#ti4 iit rrr* 

t-llill iliilir’^* Tiiil'^^ **iri4lil*nr^ nrr f«ir llir 

fririiiiilitiii *il Kif fr^rrrn#'' tlp'ir *lifr«-ti#iii if 

ifii'4 Im'irr in rm-'h 'J-h-h^mf 

Ill giiimif, tlir h*’^:ri i$tr Im* lltr r-;.'t fliiflWf 

llir iupi rati} »»ii4 i«* tbr ip4riiir#-4i linrtiif 

llir ultrfmrnm. Ihitm^ tfir m'lntrf tiP44^li^ %lsrii Mfv'm 
til lliull |irrH.'^iirr iiii.vt, «i%rr lii*'- Iffral |brfal4, f Ip 
ilir li|ljlltrrfll!%' ibr iK.ftlirfli llftlili 

Ilf llir rtrrr.fl '!^lj|«jf'r III|4 t|rMr|i4lt|^ ^4|lh p»fiir ti|<4itr||lt|||| 
iflt#l t!ir firr'llt lullin' Tlir m|li«l f<aoi. rinrtil |% 
liiriy iii#irbr«i in liir iintniy *d 

ffliritl^ tlirw .M»*rjil|r«| fp.#||irf%/' llir tr fti I t|fr 

itiiii llir Iiiiitii«iily Up* r^riirtpr <4 n f#,^* 

|lfr%^l|fr ftfr# mm^h *4 llir I w-irltin li# 

f ♦iiniitifiii, m fiitr, nfirf i 

nf lii^ii iififlli fliiwi #rr irsu-rabir Im llir *fi%* 

|♦lgr♦4llrfll #if ftir wmftU mf ill llir hy ir#4rf^ 

tiry sir. Tlii% 4ry Bir priniif# %rf%" r#fipl iii4 

wlirii flir lull#, m 3i|il mm$i »firf 

ih* flrtip ill m w|ifci 
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HOW iHaXTH Alii-; by 

111 till* r. S. 1 )f’|iartnH*nt of A|^ric*iiltiire V(*iirh(M)k for 
iHfiri, B, *l\ Cfalloway liaMTihcs what tak(‘H phure when 
litaiif ti.ssu«o wry <’t>oriH(*Iy an foIlovvH : 

All ihv |ihiiioiittayi iuvoUa**! hi th<* fn*eziiig of .sucmi- 
liii! ami otiaT plaiitH oh tin* c*iaiditioB of the 

pr<ttHp|a>iii or mutter in the plant c*i*ll. If the 

teliiperatiire U Hiiffi- 
low to eaii'He 
II rheiiiifiil 

of the 

HiiliHtiiiiee, tho part 
of lli«* phuit whrTe thiH 

iiikfo pliire filrn. If, 

oil tlir III fief tiiimi, no 
fieliiii! iii.Hori^iiiiiza- 
lion Ilf ftie eell eoii- 
tiiil.H fieriif'H, tli<^ iif- 
fr«*|ri1 |iiirt .H iiiity 

rimwrf. If h liitrilly 
iier*i,»H*4iiry iii.*re |«i no 
f,rr tifniii II ilBriiH^ioii 
of tlir viirifiiiH pliriimiiniin Htjffiei* it to Hfiy that 

lififlrr the iiifliiniee of eolil the Aviiter in the edh 
am! iiiiiy tir fnmni either in tlie Mpiic*i*i4 
Iu1.wrrii the rrlh of on the finrfiiw* of the leaf, stern , 
Ilf m*tiiitefer tlir jiiirt iriiiy Ian Ah the teinperiitiire 
this frtr/eii muter ntiiy iigitin he tit.ken up by the 
rells, iitiil ill %tsf»li mm*n liltle or no injury^ reHults. If for 
any rea^un iniwin^er* the ee!b are not atile to regain the 



A B 

fiM. itiiffiiiil v*mU>lm iif liiriitifi ; 

II, fffitn Irontiici fruit, 

■si* tihm injury, (Mut, iite,) 
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witter withdrawn by the* <'«d<L injury i»r rvrii tlmth iniiy 
resiilt. In many the ra|udil>- \uf!i miiirh tlir ifT b 
thiiwe^d lia.H a marked effeet <iii the ahi!il> *»f tlie eell:* In 
regain their larrmal eiuiditaui. If the tliaw gradiiiil* 
the water in furnished nn faster tliiiii thi* vrll^ riiii alisnrh 
it, and e(|uilihrium is th<*refitre simfi re'^t*ir«*«h tin* 
p^(H•esHc^^ wliicdi were eheeked liiiriiig t}i«* free/r* iiri^ rr* 
Hiimed, and thf‘ soon regains if s iiiirinal tniiditiiiii. 

With a rapid thaw, ianvever, the eells iirr mil iiiili* to lake 
up the watcT ns fast as it is fiirnisheih ami ii.s a rr%ii!t, 
ehemieal deei mi posit inn sets in ami deiith folium's, ilratli 
in this ease is i*ssenthdlv' the siiiiir’ an tiiiil w|iif'}i rr*iiilt.s 
from drought. The eell loses wiiier to siirh iiii 
that it is not again a!»le to lieeoiiie lurgiih itinl ii 
it finally mdlhers and flies.’* 

That tlie ahove is 4‘fjiutliy I rue in ifir riisr of 
fruits has been slamm hy lliolettid ’* Fr*.«iii iiiiil iiii* 
frozen oranges from the siiiiie tree mere rrrri\r4 mifli 
tlie ref|Ue.Ht to dfUeriiiine wlirtlirr the eidK of I lie fr««eii 
oninges had hurst and mdirther this mas the mm** of the 
rapid drying up of the frozen ffiiii. .^^lierosefipir r^aiiie 
nation slumaal m» dilfereniT in the «41s of tlir iii'« kiiidii* 
Fieees of the* flesJi fif laitli kinds m'err pifirril in it wii|i*r 
solution auiteiniiig M ja*r mit of raiir siigiir, iriitl ollirr 
pieties in distilled wiiter* The iiexl tiny the of bitli 
kinds ill tlie siigitr ^iliiliiui hail sliniiik m|iifilly» mltilr 
the of tinea* in wiit«^r hml swiillrti i^|iiiiliy ; 

indicating that then* were no hfmk% in tlie rril wnlis of 
the fnizeii- 

The -CMiiiilitiofi of the plant, wlifilief in » jM^rini! of 

* Jgr. Emp, Mim. m§7-4m, p. 1^, 
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jiiirriilriit grcmili ur in a 
dtiririitiil ji.iiiti* at tlir liiiir 
fif Ifiw hiin an 

iiii|wirtaiit. iiraririi^ ti|icin 
tlif liniit, fifsii/riitiHii uf 

llif‘iii«!iviilaal nrli^ilfrniiant 

ia'iiig a!i|r t«* with- 

tliiiii irnmiiiirrapaily, 
lli«* iiKiiHfurr front tin* 
h«T 

rviijiorBt.p.H ||iroi,i|:}i tin* 

riiai or }»iiHf4r'H nut tfirou^Ii 
llir iiini i,H traii%jiim{ 
tiy fill* 

Ilf fpiMrtl friiit ii.^iiii'Ily Itf'iir 
«iiitli irliitr .Hfut-k.H nf 

tiy Hn* 

firilirmrily nhm'H 

vny lilfjr iiiflimitioft nf 
ili|tiry» iiltiioiigli tlir iii:4iln 
iiifiy tir liry mu! 
^iriiiiki-in Wliilr Irtmrn 
liiiiy 

iiliy kr liittrr in tm%u% im 

injury hm rv**r liwi kiimrn 
ti» ftiiinii’ tln4r 



7’i fliifk uu friiitliiM tifiiMli 
^4 unlit liy 


wiirii riitrfi in Iiirgr fjiiiinlstin^, 

l4'ji%‘'r^= Ilf Irrr^- w|jif*li liiivr frowlnd iit first 

iniri iiji; tliry iiiay miiaifi llir |ri;f* mml m%$wr to 

II 
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II efTtiiiri rxtiiit, nr full nfF aftiT n ft*m* liiiys. I 
nmy ornur wiliinut iijjtiry ti* flu* M^ifuillrr 

Th«* irijiiry fn hrannlu^H naturally dr^firiiflH lijMni tlir i{i*grri'‘ 
of (lnnriiifi(*y mill tfa* iliitiniliT nf flir Iiniiirli ; lit*' 
ami Hiiijillnr I>raiic*lH*H imiy la* rut liark ^nrifitiHly f»y fri#:4 
witliuut any injury tn tlir lar^rnr jiarlH. A 

vnry aimimai fnnii nf fm-st injury tn ymiiig irr«-^ ilir 
,H]')littiiig nf thr liitrk almig tlii* trunk mul Inwrf ; 

thr rnirkH an* nftrii imlirraklr ii iliiy nr afliT tlir frir4, 
ami if liniily iiijiimk tlir rniitiiiiir In rnll liiirk* rx» 

puHini^ tlir hark iimi wmwl in tlir 
Thr aimniiit tif rnkl a ritriiH trrr will riirhirr wilfiiitit 
irijtiry w’ill ilrpnifl tijaiii: C!| tlw kitid nf ; (2.1 ttir 
ck^^rri* nf ikiniifiriry nf tlir trrr ; Cf | tlii* Inigtli nf fiirir tlir 
rrlti liiHtH; iiml (4| tin* kiml nf \%miithiT fiillnw'iiig tlir 
(’itniH frrrH rr^ml fnmt in tlir fnllnwiii^ nrtirr, hrgiiiriiiig 
with tlir fiitniir?it : frifi#liatr* Mmr nr Srviilr iiritiigr, 

Hiitiia itiiimlitriii kiiimjiml, HW'rri nriiiip* Ci^iirfi 

tlir Nji%^r!), faifrirlii, ritmn* Iriiniii, iitui liitir. In griirml 
it tnay la* mhl that nriiiigr.H, if fairly ilfiniiiiiit, %vill ripliiit* 
a triiiia*riitiirr nf m 2tr F, fur mi fainr nr mt 
injury. Ilrlnw:* tlir fruit Pi fir4 

tliat fill till* of thr tri*!* iimt nntr tlir gmiiiph iiiitl 

latrr thr iiiHalr fniil. At In 22^'* F., tlir twig^ 
til dir hark iiiitl llir falh wdiilr a nf 

17'® nr hr ftmr nr fivr Itiiiirii, f hr tfri*?# iirr tpiifr 

lifintwiit, Will kill iIiito hark In hriitirtir% twn nr tlinv 
iiirliim ill diiitiirlrr. an* iiitiidi iiinrr Ins^lrr, llir 

fruit ladiig iiijiin*fl at 2<i tii 2*H^» Tin* litiitn iirr rrr>* 
ttfidrr, kdtig killc^fi hm*k mtimkrBhiy it! 2H li# M\ II 
ffliiit bi* tiacIe»t4Mai that thi*^ an* apiirfixiiiMlr 
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mil\\ II iiirg«* iiuHihiT <if variatiuijH noted in many 

FIlKVKXTlnX OK FltoHT INJIfRY 

\ ery many sc4i«’in<*M havo hfini ev<4vcHl from time 
to tifiio for {irofeotiii^ oreluirtlfi from fnjst. L(‘t us 
lirirfl\‘ eoii‘^4der a fmv of tho important. 

1. il// m'lrriliiii iff frtf.HtiffiN nr itmrlij frn.HilrHH Inmilom. - • 

lliiH plan in pnietio^ddf* for tlio fmv who an* so f(»rtuniit<i 
ii.H to |iohhi*hh fro^llfHH d'he ^reat majority of eitrus 

nrrliiirti’^ however, are ho situiited m to he suhj(*<*ted to 
oreii..Hioiiiil low teiii}ierattire.H. It was pointi*d out in 
Cliii|it*T II file best etiiniiieretal oraug(»H W'ore pro- 
diitrih not ill tropieal eliiimtes, hut very near tin* frost 
line. If i.H to lie evi«a*t.ett, f!iert*fore, that as tin* eitrus 
pliitifiiig'H iTinvil eloHi* to the viiriidile and mK‘m*tain frost 
liiiiv fJiiit the fro.^t prohieiii will iilways lie with us. 

2. Bii phniimi rmislmd mririim nr grafting mi rmlMant 

rrmMiPidrM, As ii rule, orfttiges lire pliiuteil in the <‘.ohlt‘r 

sfaits iifiil leiiioiiH ill f.,fie warmer, hut as has been pointed 
Oil!,, ill fiitie Ilf hlhmmh the lines estiihlislied hy gravity** 
frosts are hlolti^l otil iind iilt the ondiiirds may experienee 
low lfiii|irriifiirrs, liiis hisui written in .Bloridii 

litiotif, file iMirii Iiiiniiiiess giiitusi through the use of 
till- trihilinlr Whatever may have l>eeii the 

rsjaTifW*e in Blnrifiit, r%|a*rttiiefits hiivi* shown tlifit in 

rititliiiig is to galiifsl hy the use of thin 
At. the Citrus KsuM^riiiieitl Htmtion at Eiverside 
ii liiiplieiifr riait“Stm.4 ex}M*rittterit» one part of 
wdiieli fill Iiigh groiiiifi ami the other on bw* These 
frees t«Tri niifiiifird erilimlly after the Hffvere froits^ 
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iiiici all wlici liiivf* tliiiu aum* tiial thr 

diifH not tiir liarrliiH--. id tin- i^^roivii iiipni it. 

3 . /% hrtrdhqf nrit* frtixi # 1 / 

Diri‘ot.ly iiftiT tin* Florida frroz,i* of ls!i| iCi, 

W<*l»h«‘r nial Swiiiglo rKiirriiiioot'* in broi^iliiin inorr 

Iiiirdy rifruH fruit. Tld'^ arr»oitijiii^!irii fiy |i\1iritii'^iiilC 
till* varioiiH inlihli* forint^ \utli tlir irifoliair oriiiigo. ami 
the citninicfHdrsoritirif in Huiptvt IV wrrt* lirodiiiT'd. 
Ah y«*t, Iio%vrvor. iioiio tif Imrdy forniH Imvr jir«ivrn 
Ilf C'oinn'iorriiil valno, limy tadn^ ir^nl only for doi«r’4ir 
inirjamfH. Bri*rdin|^ tnnv a %’ory jirorrm, iiml 

titrio aloiiiM*iiii Irll %v}mf, fjio iinal roHiiliM nnty Hr. For 
tiir prrm*iit, lliry offor no o|ij«irtiitiify to tJir riiiiiiiirTriiil 
grower. 

4. ihf t'*f mrhmM mrtdmnmil drr»TM i$m§nr4 te 

mmrrw hmt htf rkrrkhig rmlmimn,. ■ ^Iiirli giifnl iriay 
Hr iicttmipliHhrd liy tlir nm* of ^TrriiH of vfiriniiH wiriii 
ill roiiHiTving Iiitriii liriit, iiirtlioilH »rr wri 

iMliijilrd to yoiiiig tn*rH dtiriiig griivily-fntHt.H. Wlirti tlir 
bIr/.Mril liinrr%a*r, rliiHing l!ir ritrlli iiinl and 

tilrmdrig t!ir Hrat oiit to mm, lli«*rr H Hut littlr liitriit fn^at 
Irfl ill till* |iliiiilM to r*oii^*rviMiri«| Mindi iiirtliwfifiirrriilirriy 
iiiit4ift{iiiit«*. 

llir Iittli over iti 

( 1ift}ifrr V iifit only tmija^r tlir of llir Htil 

Oft ^ .If....... .....I I 



trcl tlii'111 iliiririi: thr lir'4. twu wiiitf'fH hy fyiitg tlu^m up 
in r»r 

Cliith liiivf* hrnn tu stmn* nxt«*nt ovit Ixith 

iiiirHrry ‘4ni*k jiiifl «iM Thv tifilini*: ninth whieh 

h iiHnl iivrr iiiliiirrM UAtU ill i huH Ih*«‘u trind 
iiiiii itiiififi In hmiip* aitliough jtint. howiimeh 

in iiiit ) rt I irliiiifi’ly *!nirniiiiin!. Shni'ts t'jf liurlap nr tnnt 


rlnlii limy iti" mml III iiflviitiliigr in fifiitnrlilig Hpriaiilly 
nr %''ii!iiiiliin m ilnnryiinl iitnf giirilnii. When 
flir t’lfiil wvrm\ II iiglitwl Iiiitlerii tiiity tie m^t tiitiler tliii 

tent. 

Ill riiirllirrii ¥hm*\m il h ii wiiiirinii |iriiflirefii iiiiike n 
rtf riirtli iirinsiel yniiiig trwn tn pniteet tli«» biwl 

iiiiiiifi liiir! |»rr%"riit tlir iiiw%.iiity nf Iifivilig In rebiid the 
trmm, riwirr C 4 iiiff>riilii tlangtfrniM nri 

tciMHiiil Ilf till? |irifvittetif« Ilf ilir nrgiiiitsiii 


Frrmi ami (hrhard Ilmiing 
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in the soil. If trees are mounded in California, the trunks 
should be first painted with bordeaux paste and then 
tied with cornstalks in such a way as to prevent the earth 
coming in contact with the bark of the trunk. 

5. By raising the dew-point hy the addition of water 
vapor to the air. — This is accomplished in various ways 



Tig. 75. — Screens of tobacco cloth as a frost protection. 


such as burning large quantities of wet straw, distributing 
steam among the trees, filling the air with spray such 
as by overhead irrigation, and by ordinary irrigation. 
Burning wet straw has been found of no avail for two 
reasons. There is not enough straw available in a coun- 
try where every scrap of organic matter is needed for 
. increasing the humus content of the soil. In the second 
place the air is so dry in California that it is often too 
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!)ig III! iiiiilrrtiikifig iti to tlw drw«|«iifil, 

whim tin* iiir vnrrh*^ tin* iiir 

iiwiiy liH fii'4 HH jirtwltirHl. 

Kx|H'Tiiii<iif,H iiiivo itrtiiiilly lw*«‘n irm<!f in iiijiing Htriiiii 
from liirgo bitilrr^ iiinl iiilowing it t.o tfirongfi :-^tiiiil! 

ho!«*,H ill fiipi’H iHHiriliniofl in tlio c*rt4iiirff*’4, I1ib jirovnl 
jiii 1*111 ir<* fiiiliirr, an tf*n liirgr a pri»j»orfion of tlir Inmt wiih 
lii'4 tliroiigli iho HimikoHnifkH of tlii' InnlorH. 









Cli;rf}irii4 irrigiitifiii fiii.^ Iw-tii trii*#t bifti from titirtii*iif»l ii 

liinl Iff fill H|irifiklrr^^ iil tlir imp of lull Hiw . |i 

rr*4iiliJt| ill |}ir foniiMiifiri «»f liirg** of iri* ttn lln^ Irrr^* I; 

llllft lifiii |i» Ilf" iliMi!ilil||ll|r«|.,- llirfr W||:h iiImi l|itSf4l IfOlllilr ; -y 

from till' ffor/iiiK linr^iting of llir ili-Hfrilftitiiig fiijir%* 
llniiiirtn irrigaftiiii foiiiiil to mia* tfn" Iriii* 

prtmlnfr ffolit t%%o to four iitwiVr fliiif of iiitjfirHit 

iirrii.%. For lifltt frtwi* h of rfiiriklrr- 
Itlilr lint ojpni lo tlir 



P«i. 77. — Kit>h(.ff Hdriiw. I'f.l T" 

riuit IKM (♦rrji »r* 

complished in Califiirnia in two wajH. Hy drawing 
a wagon alKnit through tin* orohar*} 1 a n ring « litign 
rotary fan driven hy a gan eiigini* ; ami In huilding 
large bonfires at certain {Hiints whh'h fTi-iitn a dight, 
draught. Both methods have Irecn alwfnlont'il a» inarh'*- 
quate in the event of a shari) frost. 


Frost and Orchard Heating 
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7. By causing frozen plants to thaw out slowly, — If all 
frosted fruit could be picked before it had thawed out and 
placed in storage where it could thaw gradually, a large 
proportion might be saved. Unfortunately, there is no 



Fig. 78. — Hamilton Down Draught. 


time to pick it, and there are no houses big enough to 
hold it. Some growers build fires of wet straw and 
manure on the windward side of the orchards and attempt 
to keep a blanket of smoke over the orchard all of the 
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inoriiing siiecmlirig the fro,Ht f<ir thi* }nir|wHr i»f kt^rping 
the trees shadeci and albwiag te th;B^ -himl;, » 

In some caseH this Iuih iipjMreiilly iM^ru tjiiifr 
cessfuL 

H. lit/ ihv (I! red mhliiUm (*f hmi I hr ithifik »iiel I hr fur 
.Hurrounding them. ' This has heeii iteeifiii|ili'4ird hy Inirii- 
ing wchh! fires in the nreh.ariis» hy Iniriiiiig ena! in mire 

hiiskets, by biiriiiiig ftirl 

(diiiviiigs lisiil tun, fiv 

j -rUm «4eetTk* Iiniters in riir*li 1111*1 

1 1 IIP by biiriiiiig rnitir nil nf liiiv*grili|e 

^ fiistilliite ill siiliir fiiftn nf 

imii ref;’i*jitiirle. f V»iil h fim 

and iil Irii ilnlhm a. 

tiili when frniiijiiireil with nil III 
Iwn I* gilliiri. fttrl 

is iii!siiliHfiirli.irv «ifi lurmmi nf 


rKj«nisive ti* iiisliill* i lirfr 

milfieieiil rlerlric^f^iirmil 

Fiti, m— ikjiifm, iiinrt* llifiti all t^siimrirly 

siiifill jiriifMirlliiii *if ifie nrrhafi'ls, 
&verid eK|wim#*ritH wrn* riirritsl nii mdtli rfrrtrir 
heaters hung in the tri*f*s nf llir Xiifhniiil flwiig** C'liifi* 
Ilaiieh in mHitherii C*iilifiiriiia iliiriiig llie m infer nf 
1912'“-l*b Almiit nii«* linrm* |inmw f#f rln^lrit* riP^rfy 
uml i>er trm fhiring the wld ja*riiMl. A f lieminiitiirr, llir 
bulb nf 'whieh was eiiilMsliiisl in an nraiigr ini the mlrrinr 


I 
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•1!^P 


hJllhiiiiliLiiiiljlli 



-Hfl, (*(m. 


tlnm a hiftiiiiirly mi an ini!i<mtnd 

I1ii» fniil iiii till* in^iili* of an nnhrat«*d tr«.‘r w<»ul<l pro!)- 
iilily Iii4%*r diowii II iniifh Iii^Imt tonipomtun*. In a lott 4 *r 
from If. ii, who c^oiiiluotoil ilir oKporirrmatH, it in 

stiitofl tiiiit t!ir trill- 
jirriiliirr of tlio air 5ii 
tiifoirrliiini sliowrii no 

hilt tlir IrrrH ami friiil 
riiim* tliroii|i[li in iiiiirli 
lirttrr ^liiipr lliiin tin* 
triTH wliirii won* m^t 
hriilrii. llir only rom*lti^4mi to hr drawn from this 
in that all of ifir hrnt givm off hy tin* rlr<*tru* Inaiter 
y riidiiint }if*at whic'li fiaHHr^4 tlirongh thf* air wdthoot 
liriiliiig if imd iitiHiirltril hy tin* Uiiihi4, and fruit. 

Thf* griiit iifiviintan'r of Mioh a hrairr ovrr fhi* oil or coal 

hi*atf*r at mioo InaaimeH 
fwddoni. With the 
rliH'trio heater the lieat 
given off praefieally all 
grtH to tlie jdaee wlicTe 
it y iieedod, while with 
thi* foriiiH <ff heat 
genefiiliir?4 %vtiieli are 
phteeil ill the rrm\H Im- 
tween the ireen, the 
heat givim off (largely 
roll %"W'*tioi lit} hrnt I h i.*iirrii*«l up iilmve the Ireeji to a 
grriil rtUml- and ilii^reforr hett. 

Kh*rtrir fii'iitiiig on ii large Hi'itle m apfiiirefiity out of 



Fli#, fit. 
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the qiie.Hti<in hf*ri«iHe t*! tlw he-k **f liirtriif In 

nerve the ort^hiinlH iih a wh*»l*% It a 

hewever» if u few c»«Miveiiie!itt%- 

.net he ahle to take lelviuitiige ui Ullr 4nriii^ 

early iiioniiiig heiirn wimi iiiel farlurii-t nrr 

iH^t ruiiliiliK. 

With the «it»veliijiirierit ef eiiiiriiieie% (4 %Try 

eheaj) eil in f'aliferiiiii, the nil fairiiiai* nrelinnl linilrr }iie# 
prevnl eiiiiiieitily jiraetiriihle iiiiil i'^ ii«iw iiliiiiipl 

iniiverHiiIly lined tlirfingliirtil flir ritnsH 

(men \im im.xnsn with eit 

In the early iiiiietie.n,wlieii the «41 jiri»itseti«*ii *4 mmthrm 
C'aliferiiia \vm rn|iiilly iiiereaniiig, t Fr*»iiiir ifitrii** 

diieed the? firi^t nil lieiiler. I1iin heiiliT %%-m liilrr im* 
proviH'l hy *L linltmi tif 1 5ilifnrisiii» hiriiierly 

IL H, Weather Biireait Observer iit that filiit-e,* Tjir 
cif Deetniiher, 1H!I5, in maiibiTti C'alibiriiift lirttiiglil iibiiit 
a greatly itilereHl in fm4 |irevrtitiiai flr%ii-n%. 

In tlib irintilh the Itivemicle llfirlhultiifiil HiiIi iii tte 
fj|M!ratioii with the l\ H. Weiiiber liiirriiii, iiiade » iitiiii* 
her cif tentn of sirtnilgiiig lirviiTn* 

iiiM'l pul,ilinlKTl the refiiilla «#f the It mgM 

dmdmi then lliiit eciiil liiimwl imi-irr sm 

hy IMwftril C’lijilejq* wiia the iiwml i*iitt^fiie|tiry iiiet|ti«i 
Since thin titiic, Itnwever, tin amiiiiit «f I lie 
dewlnpificrit i>f nil welk iii mnl mmr flic cTtini*^ di**lrieN, 
oil m a fuel Inis hmutm chta|«ir »ial fitnrr i^ipiilitr fritiii 
year tn year. 

* Mimrmds Prm$ mnd HmikMlmml, A|#ii* |t€it 
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lirffuirtmrntn ttj (hidmrd 

The hiriil i4i liniler i^inuhl jirovidf <*oiithii:'4i«»n 
iiiiii he m free an It jiltiHilil l>r 

HiiI>,Htiyitiai yet Min|jl«* in roiintTUilhifi itiid uf itin|ile 
riijuirity* Tin* riite of «'’<»inhu;4hiii Hhuiihl hi,* rii,;4ly 
rniitroflrd iiiid it in an inh^nntiiice tt» liiivr tfir |«irf.‘4 
fir.Ht W4‘l! for jHtoriigr. Hie rovern iiitiHl efFrefniilly 
I'lrevent niinwiiter from enteritij^, Kiinr nf Imnitlini^, 
filling:, lighting, rxliiiginHlhiig. nwl effifiriiey of rfolinlioii 
lire 111 ! iiiipt»rtiint. Hit* .r4ninI4 he lo%i% unitiiHy 
not Ilf HI Vi* Si ejti*!i. 

The i*onihiiHlion 4io»iI<l In* gofitf, not only* t.i> ofititin 
iiH tmmy liriit tniiiM m jHr^'^ihle from u given ijniiiitity 
of oil, hut to llii* initoiinf of Hiiol given off. *'f}ie 

olii iijeii of Mtiiulging %viih Io givi* #»ff im miii'ti ?imoki* 
Of HUimlgr m in onler to mlun* of fient. 

hy’ riniiiitiori from the earth. While fhiH iniiy Inivi* I.H*eit 
Mtinfimtory to ilw’iihiou*^ fruit groivrrn m“}ii‘fi uml iil 
hiiiiiiiomiiig tiiiie* It. h it jioHitive fietriiiiiutt In 
eilriiH iirehiinlM. The mmi #*olleiiH on the nifiltire fruit 
iiikI Iii5*rv^itiile:4 ml lirr evinueuve %vie>hliig. While 

»rn«kf* ill lilt orrliitril doiet eoim-rve lie>iitv vuiriiv 

growern In* gliiil to fiiriii.,4t ii liith^ more fiif4 to 

make tip itir Iih^-h liy niiliiifion if lliry f'oiilil iliniiiueie 
m’itfi till* Mil •till In I •Hiiioke. ittl- 

v’erlini* tieiiterji, lint, few of tftetii itv yet iif^- 

liroiiefi iifiti iit the jirrMuil litise iifitii! of 

the elieiiper oil fiiiriier^ lire entirely in lliifi 

regiini, iiltliffiigli itiiirkiM-l lia.^ itiitfle towani 

tlik riiii 


(*iirm truitn 


(JockI is ifiiptirtiiJil wiirii hm- grmir fii|-.i 

earryilig a largi* niiioiiiit of asf4iiil!niii urr i|v-rii. Miiny* 
heaters will luit liurii out I'leaii with nil, A uf 

§# gtiiiifiiv iiiiiferiiil Irit 

ill till’ }«*!tn||| liir 
hnifrr in %$*fy 

liifiiiiiil fi» rririovr, 

III a! VI will fill- rii|iiiiily 
Ilf thr liiiirli 

fur lill nf 

rrs %%'ill In 

iH^Tiite tlirui if^ ifii? 

Thi* less jfiiiilH, %iiHr% 
II mi lit! Ilf full ruff* » 

hi'iitrr hm iJir ^t«i Irr. 

Ifiis tinilrr^ Imw 
iiirgrl>' *ii?%riift|r4 ill 
itf flir tlirrr iiipI 

ri«, K3. iJuim. 'Ul*‘ 

ieierit for ii lieiifrr ti» burn at rigbl finiir^ mifliriiii 

refilliiig. If sitiiill lieiitern are ii liirgr iiiiiiiliff mill 

tie mpiriMb aiii! thi» the kbir nf liiiiaJliiii iiitl 


Fill, wi, * 
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fur cwitrc tiling tlir rnti* <»f n 

piTiiiitH c*fiiiHiTVali«iii id furl, 
Iff mfrty iiniHiiiiirli hh 
tJir ftil ,Hiivi*iI ill till* 
earlv pari of llir iiigfit 
liiay hr Mindly iirrfif*fl 
at Hoiiir rfitiriil tiiiit* 
in till* rurh-' iiioriiiiig. 

Siiiiir linifrr.H ivhrii 
liiiriiiiig liAv arr iipt 
iirriiiiiiiliitr giiHiimi 
r%plf»iii% flirimiiig oil 


iiiliiistiuii. HiiH not only 
hut uddn a groat i*Iontont 



ovor tlio t,rrr'4 ami iir- 
jiiriiig ihrfii aial Io^h- 
riling flit* of 

flir iijaTiitor-H. 

Till* Iiriiting i*f|iiip« 
iitriil of i‘ilrti?^.*irr}iarilH 
miifiiiiH ill |M»? 4 tioii all 
miiilrr, iiiisrii iln' 
riiiiiy ill Tnli- 

fiirriiit* Jf lifil 
firotri'-lrii froiit ruin, 
wiilrr 'iriil fiiiii miiy 
iiilii ifir till iimi » 4 iik 
In tlir hoittifii. Wtirti 
till* oil h liglitrti 
wiifrr tiiriiH III 
litifl tiir firiiff*r*% 



Flo, H'4, - =' C'jiiifii 


til hoii fi%'rr, Hiin in ii fi»tiij>oritry liiniftrr %%i'itc*h 

liiifiiH fiiil iimi !rii%'r.H llit* iifiiiriilrrlriL 




25(5 ('iirrn FruiU 

The greater tlie uf riiiliiited, »iwi tlir 

less (‘oMVc^rticjnal heat pveii nff hy nriy lii'iiirr flir 
greater its t*ffic4c‘iiey. This jiriiiri|flr i4tru 

i.iverlii«ikr'«i rnhilt* rnii* 
siiirriiig 

riilly iii«#rr jiriietieiiL 
The i»f iVrii 

itr«* siiiil If* 
fur eriittirir'H* in |ir*i- 
leetiiig tiirir 
friiiii *'griiviiv ** sfirifig 
friists. II hriivy rliiy 
|:«it ill tvfiirfi 
I'fiiil is linritefl. lly 
lliiH iiiriiiis tliry m** 
iiififl liriil 

filllitisl r\r'lll si vrly . 

Ffiiiii It r«»iis:iiirrii* 
tifiii «*f ill** iitMiV'r n** 
il will tm 
lliiit llir 

nienl *if ii tfwriiiiilily 
|ira€*tit*al anil eiiririit 
i;iii liritrr m init an 
mmy iiiiillef . Fniir iir 
fivi* id III** Wjt|it«« 
nitrite rtifty Im! iwiihiii^l- willttnil iiiiirfi illiieiiity. Iitil 
ni'init* iim ttiiiri! i>r km t^nifltetlitg* It, k tsjM^iiiJly ilifi* 
cult til tM*rfiH*t ctiitiliiiMliiiii iiipI Muiiriil iif 





fhrlitinl Hmting 


Tgpt.f tf( Oil Umtern 

Dtiririg till* vriifH 1!UI ti* HIM thi-rr %vii.h e lrrmi*iii!fiti?4 
tit iiiiTi flit* rii'iniri*- 

iiiriitH Ilf ritriLH grnW'iTH. t t i || 

Alinoj^t f*vcTy i»i«% front ( I j || 

lltr liHiiI to j \ I II 

t!ii» Stiiiiiliirc! CHI C * 11111 - ? ^ 11 

puny, to Iiiivn 'I I i| 

It ii«»w kirn mill miin f ! || 

fiitrr flint hr riiiih! pro* t ; | if 

ciiirr tlir iittiirhiiinif- or | ! I || 

d«n*irr tvfiirfi tvoiilii fiiit ? 

liiiti iiliriiilof rvrry}««1y y//f 

rl:Hi% II rr Hill t , n vrry 

liirgr liiiiiitn’rof ililTmiil ||j | \ Jl 

liriitm wiTiMiiriirfMiiit fj | 1 1 

lilifi tiii* Iilf.oriiry^i |||| I |j 

tiiifl tlirir }iiiiiri;H fiiil Im ||j 

Still Itir liiijirovriiiriit; ||f ill 

in fit!iitrr:?i mum iiirrrily ||Si llll 





(‘itrm rruih 


aiif! «*! Iinil- 

V ■ f giip-riil ifit“ii Ilf 

^'*******'^^ tlir Itmtliii^t t\jif'-H III 

tlii^^ tillir. 

Fi«. HI1. ■-«* Hiatiill#jfj lit^sw^rvifiir, At jifi.'’Hnit t}|t*HI* 

fl r II I I* r III II y li r 
grtaiprd iiitit thm* griirml rlasHr?^: fuj ^iiiijilr rr'M*r%''*iir 
heiitiTH; (/j) luitiiiiifitii* ri*MT« 
voir hriitorH ; (r) jiifio-liiii* 

hoiitiTH. Siii'iplo fi*N(*rvoir lioat- |v ..-ifla 

er,s lire tlie kind ordiniirily ll^^»d 

wlik*h liuni froiu ii frrf» hiirfooi* ^ 

mid itri^ iidiifitod ti» lo%v-griidr 
oiL Aiitoiiiiitio r«*H«*rv<iir hoiil* 
liiivo Ii piitoot Imriior nopn- 
riiti* mid ,Hfvrrii! di?*tiiiif. 
from till* tmik. Tlit* .iiig}i- 

griidi* iiil y fnl by ii, 

Hiiiidl iron pipo wbirh pii.h.hi»h 

tlir«ii£}i llir iiI«io*Ht »^iiiioki*Io^.ii 


m It m M. itio btiriirr in 
irifloM’d ill II fibert irtm jiifit! 
or driiiii, wtiiidi urin im a raili- 
fttor. Ttiifi ty|»* liiiH grriit jaw* 

Mbililiis, lint k riithrr rxjani- 
ii%*e iiiid ciiiiiltt»ri«>iiir, ^ 

l*i|ie4itir h«4trri% iin* fial tlimiigli 1 

»t alMii’c lilt? Droliurd. Tliifrc* ««* »t*vrrii 
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Frfmi mid OrHmrd Hmiing 

whirli litirii tin* fiil hy droj>pitig it nlowly into a super- 
lifiited fiLHt iriiu Inml ihhvtn rnqtiire the urehiird to be 
fiipwl willi <'iiiii|in*:HM*d air m \%vll us oih mul the oil is 
finely ntoiiiimi iii tin* biirner and <lriven with some force 
into Ihif drtiiro where it hnrm. The great cdjjeeticui to 
thrM* forfinniH the eKfauine of piping ilie irndiard, yet there 
k mneh in their favor, The rate of eoinhuHtioii of all 
the hf*ater,H in the c»r<'hard may 1 h* eontrolh»d hy c^perating 
one viilvi* at the tank, and iniudi of the annual expense of 
hiiiidling and hms from detf*rioratioii of rc*Hervfar heaters 
is eliiiiinated. 

InMnllnldm of 

The nnrnlar of liriiteri ref|nir4t! to 
tl'ie la-n* vmrle^ id vonr^^e ujtli tiir rd/a* 
and viiriely of tref*^ aiifl flie degree 
of eo!d til he eiieotinti’red. A fidriy 
eoffiiiioii rr|iiijiiiiritt t*on:4^t:H of one 
tiirie giilliiii }ii*iiter to n %v{ileh 
is iisiiiilly ahoiil iiiiiely to the aere. 

Them* sliiiiilii Ik* rrei$fori*i'fi hy nii 
extrii nm firniiiid thi* wimimurd side 
of the tiri'liiirfi With mieh an ef|iiip- 
tiiriit it sliiiii!i| In* |io*<4hle to raim* 
the tmtin*mt.me froiti mwen to ten 
degrees for from mwTU to ten hours, 
ieimmMtig on mifiil imd other fiietors. 
tHttfiir groiirf*! iim* doiihle this niinil«*f 
ami iigfit fiiikv every iiilrniafe hen ter 
during ifir eurlj fiiirt of the night, 
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Citrus Fruits 


holding the others as a reserve to be lighted onh 
of emergency. 

It has been found much better to have mai 
fires than a few large ones, as large fires tend t 
conventional currents which carry much of the 
above the tops of the trees. There is also dang< 
juring the trees with large fires. As stated ab< 
heater per tree has been found to be the best pl^i 

The heaters are placed on the ground midway 
the trees and in line with the trees in one direei 
placed in the center of the square made by foi 
they will be in the way of the wagons which haul 
out and the oil and manure into the orchards. 

Properties of Fuel Oils 

Petroleum when first taken from the wells is 
gases and lighter substances such as benzine, gaso. 
kerosene. Besides these, it also contains such bi 
stances as asphaltum and paraffine. The crud[< 
the Eastern states have chiefly a paraffine bag 
nearly all Pacific Coast oils have an asphaltu 
The fuel oils on the market are residuals, the gaso 
other lighter oils for which there is a large demanc 
been removed in the refining process. What is k 
crude oil is not petroleum as it comes from the w 
a refinery residuum containing some of the heav 
variable amount of asphaltum, together with sc 
fur and a little water. 

The types of oil commonly used are the so-call< 
oil, smudge oil, slop distillate, and stove distil 
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pnrtwiilur jinuii- «.f nil is tiHtuilly rfciniuiiciuicjl I’nr tmth 
tyjH- i.f hfiittT. A K'f'Hi Kniiii- nf nil fairly fri>c from 
asphaltiim, Mu h as m firavity slop liistillnti* f<»r instance, 
costs alaiiit tWf» cents per pillojt in <'arloutl l<ttM <l<‘livcre(l 
on silling in sontliiTii C 'aliftirniii <-ifrn.H (listru’tH. 'I’he 
cars vary in «-ai»acity from lUKHI nulions niiniinnni to 12, (KK) 


iKuUnns iiiiisimnin. C>n»< great, wivnntage in thi.H oil as a 
ftiel is its availaJiiliiy in very large qtinntiticH, During 
the }4ii<?iiinl of .fainiary, IIU.'J, trsinloiiilH were «ir«lere<l liy 
telephone one ilay , aiiii the oil tviw «lisjmtche«l in trains 
fnnittg righl-stf-wiiy, ami «iih ilelivereii, anti in stinus 
instaitcei. was a* tnully gotten into the heaters atul firetl 
b'fore flay light nettt iixtrning. 

The tiensily «tf the fuel oils varies from M degrees 


H-i • ffwii hntuim lit tH»um UDtter 
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dints Fruits 


Bauin6 to 35 degrees or more. Specific gravity varies 
from .850 or less to as heavy as .975. The heating value 
is usually stated in British Thermal Units, and varies 
from 17,500 to 19,100 B. T. U. a pound. 



Fig, 90. — Orchard heaters ready for lighting. 


Lighter oils are preferred when they are to be pumped 
or delivered through pipedines for the reason that in 
cold weather heavy oils become thick and sluggish like 
molasses and are very difficult to handle in small pipes. 


Storage for Oil 

As freezing temperatures often occur several nights in 
succession, it is highly desirable to have an adequate 
means of storing the oil on the ranch near the trees. Stor- 
age capacity should be provided for at least five fillings 
of all the heaters on the ranch. 
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Cement cisterns have been used to some extent for oil 
storage, but are often unsatisfactory. At present, gal- 
vanized circular iron tanks, similar to those used by the 
oil companies, are chiefly used. 

Oil storage tanks should be located if possible on a side 


Fig. 91. — Orchard heaters in old Valencia grove. 

hill in order that they may be filled by gravity from 
above, and the oil delivered by gravity to the distributing 
wagons below. 

On a number of the larger ranches it has been found 
expedient to install small tanks in various parts of the 
orchards and connect them with the large elevated tanks 
by a system of pipe-lines. The Arlington Heights Fruit 




rruit^ 


(’(>mi)any ut Hiv<Tf«»h* lt:ts a main >fn l f«<raMr tank >4 
r»(K),()IM) niiiiii-rtfil with a h 

live and ciiu-fialf iiiilt'H Inii};. w ’ t* i* r t atjk . 

<w!i of 12, (HK) galloiiH ranHiitv . At iiitrrval^ thr.-n^jli tli** 
(»r<’liaTd tluTf art’ “jifatMi'iHok ' >*tii!i«i }>»}« * from Hliirii 
tli(‘ WUK«> 1 IH may Im- filli-d. 'I'lio ira ..rrlianl at 

Santa I’unla is with lw«. :4r«l taiikn h<*hHiiK 

K’dlons onoli atit! ltti» icmont ri ti-rin huhimi 
KMhIMM) jjallous laM’h. 'Hiis '««H»-a< r«' nr* hard !in’« fivr 
mikwttf.'i-and 4-inrli j*ijH-liiM* am! four milr . of t« |i j»h«»»r 
lint; with a thmai or inori* Itasif.sj in variwis 

imrtH of tlm t*r<-liar»i. 'riiirty-fivo tank w»ko»s amt 
tmeks art* ustt! to distriltHtr tlir oil t«t ihr hi«lm. 


(HI Urniitig ifin mtium 

For dflivory t*f «»il to tin* hoators. tank wajpni* of four 
or fiv'f huntlrtal gallons t'aiiaoity sljoiihl l*«* hmsI. llravirr 
wagons art* diffitiilt to linmlh* in lailliviifrtl or ffoshly 
irrignhsi soil, 'fho tank is j>rot hltsl at tlw- rr«f with » 
large valve ttr iwdasses gale, anil men following the wagttn 
fill the heaters l»y menus of five-gallon hnrket* or or»ii- 
uary oil eatis with the tops ent off ami j»rovii|«sf with 
handles. Fillittg heatiTs hy meaits of a trailing hi»se »*«* 
tritstl, hut Ints now lH*eti ahamloiitsl. (hte group tif men 
ahead of the tank wagon ami retmtve the etoers from 
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has been loosely fitted. After lighting the wick and in- 
verting the can over an open heater a few drops of gasoline 
or high-grade stove distillate will pass through the flame 
and fall burning into the heater. By use of this device 
heaters may be lighted almost instantly. It is a peculiar 
fact that new heaters are very difficult to light the first 
time. This difiiculty is easily obviated by crowding a 



Fig. 92. — Placement of orchard heaters. Extra fuel under trees. 


loose wad of tow or excelsior into the mouth of the down- 
draught tube or by hanging a small asbestos wick on the 
side. This precaution will usually not be necessary after 
a little soot has accumulated in the heater. 

It is the custom to begin firing lemons when the tem- 
perature at three feet from the ground reaches 30° F. 
A safe plan is to watch the young leaves on the lower 
part of the trees and begin firing as soon as they show 
transparent spots indicating that they are freezing. 




Viirm FruiLi 
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Oriingen nmy Iw iiH*nvr*l tf» gi» v4.*vrriil ihxtrr'i him^r 



hec'iuLsi* tli«‘y <’ii)rry Itlfr-Miiir* hip! i^ipiiT 

fruit ia winter as the leaioa liiirn, It lur^ f»fiifi4 

tlinl it mil* li r’ii.-irr 
III li*»I 4 till" trni|.»"rii* 
tiirr at 32" lliiiii if i* 
Iff timr it ti* M2'* ligfiiii 
tmrr it lili-’t fiillriiliill'fr, 
%lim\ gr*#irm iiinkit 
n jiriirl ir-r lif ligliliiig 
iiiily rxrfx uUrnmtMf 
|Mit lit littliliiii tliif 
ill Ip lit 

ligiili^i Inter if iiwfiCTi, 
III mm^ lir'ii%;v firing 
SI II# ! rf4il I i iig 

in fr# lilt 

%%tifktiirii 1*1 Iril lit a 
glsillt^e iieulrfl 

m^rri* ligfilnl irul'. 
fiifli«ilty ftmy t« 
tiy |i«iiilltig: 
» ring m ilti m’liilr fwstil 
Fill. 113.,— Tbe mm^k mm wi mwy tillmialr f#il 

IPMui mnuhimiimi Ip#I iiiiiy wfliinl ||| ||||, || 

nUfUt i»tii*“lJiiwl 

of the lalxir of Ughting alternate |«it» to work 
tlmmgh tint orehanl when the triti* are j»l«t»l»’«l in ^juarw. 

It often ha()pen» that the t»*nna*rat!ire will not go Inlow 
32 degree! before four or five oelotk in the tnorwng, and 
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it will lir !«» fin* anly it fc*vv hotir.s. Huh UHiiiilly 

pjiyH m*rll, fc»r tin* hkmHcnim itud young fruit 

wliirli tin* on lfi«‘ trrn.H during winter mature in late 
ivliris tile priren lire highent. Ah hoou ilh the 
Him riM*H or tlie m-'inil tiegiUH to blow tin* temperature 
men iiiii! the IieiiterH inny he ejctinguiHhi*d ami the oil 
eoiiHerveii for future neiHln. 

ileiiti^rH may lie extingulHheil i»y replmang tint r^overs. 
OeeiiHioiiidly on very eold niglitH it may lie neeeHHiiry to 
refill the lieiiler riiiring firing operiitiouH. TIuh is a(‘eom- 
jilinhed by plaeiiig the rover <m for ii few imiinentH until 
the fire in out and then refilling and relighting. 

During the winter 1!H2 12 one orehardist fired his 
lemnii orehard on twenty-nine nightH and saved enough 
fruit lo piiy for im heating erpiipineiit and all the expense 
of firing. 

f Virr (if llmirrn 

Hie tieprcM'iiiliofi of orehiiffl heaters is heav>% especially 
with the rlieii|«*r fornis. Being expomsl to wunter rains, 
they niHl biidly uiiliw welt cntred for. It is umial to 
ehiirge off fniin 15 lo 25 {M*r cTtit depri»eiiition for -each 
yenf of In the spriiig when liiinger of frost is 

piist tile heiiti^rs iir«» eiiiptieif into the tiiiik w*iigoiis, the 
nil tieiiig retiiriiisl to the storiige liiiikH. Kaeli Iieater is 
liieii ill fiHpliiiltiiin paint iiiitde by inelling asphiib 

tiiiii iiiifi fiiliitiiig it iviili one gallon of stove distilkte to 
ten laiiiinlH of iiH|iliit!tiiiii. *S«inte growatrs €!veri repaint 
tin* iieiiterH iii the oretiiird after ii siege of firing Itiis btirnecl 
tlie }iitiiit tiff. If is extreitn*ly wfistefn! to store the 
liriileri iiver Hiiiiiiiier in ii rusty cauMlitinm In storing the 
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heaters it will Ih^ fcaiiicl tluit thim* wlicm* parts rirst 
are much more e<i>no!iiiriil of Hpiicr. At pTr^uil 
growers store the oiWilhal |H»ts tiialrr the in f*n!rr 

to save expense of liiiiKilitig. Tins is siilisfiii’torv prif 
vided they are well juiinttHL One tritiihle fins tierii fliitl 
careless laborers while hoiiiig tinder tiie trecH fire iipl tn 
strike the pots with !nH‘H aial cut siiiall liole^s liirntigli 
which the oil leaks, soaking the soil inid killing I hr tmm. 

Cmt of Oil Hmting 

While the cost of heating varit*s widely mid is in soific 
cases high, there is no doubt in the niiiids cif who 

have the most experienc*e that orcliim! heating fiiiys well, 
especially for lemons. 

Two typical actual exfmnm* iwxtiiiiitH are gt%"eri lieliiw* 
one for a small grove and one for a large riinf‘li» In Iwtl 
cases the figures are for I!)I2“ I*i 

Eichaedson Bboth«5es’ Lkmom OaeiiAiin, 

FOENIA.^ FotJftTEiea ACEKS — IfIMI Ta^KSI 


Equipmmt 

5(K) Hamilton heaters, Z gal. 

7(K) Bolton heateffi, 2 gal. ........ . 114,1*1 

Tank wagon, 4IU gaL ea|^*iiy ....... . 4MM§ 

Cement ciiitorn, SMK) gal. eapaeliy ..... . IMM 

Oil buckets S, Iightwi 2 ......... §M 

Four thermometem and awtomaile alarin .... 

Total for equipment ........ , ^^T4M 

Oil and labor 

^ Oil for 10 nights, m.lM paions ...... , Wtf 

Labor bill for lam.# . ill 

Total ©xpans© for opemtlott p»fJi 


^ Cdifarmia Ctdiimiw, Fob. 2f» |»13, p. 2m 


Fnmi {ijiii (hrimrd 11 rating 2r>0 

LiifrixiiiiA C^o%si**wv, F,ifLA» CULirciicKiA. 

Fivfi iifNpiau* Ac'fCKM* 

f«l hpmtrrn ifc thmiMraui i»f IilhI y«»ar*H 

ifiO.CMK'KK) ‘ 

2 Htmmr tiirik^^ Piipmniy 2111, CHHI iciilIoriM mrh 4,KH5.Hf> 

2 r«^w'*rv#iir», (mpmnty gallonH mwh 32KML(K)- 

5 inili*fi Ilf 3-iri«4i ii?$il 44 im*)i « B, 275.03 

25 tafilc wmam mml ........ 4,2l5,t.K) 

Ifrfl i4|Mi«t tmih f**r . lUn}.iU} 

*JM') lr#ri»lii»ft .............. 2(KKCK) 

51') IfiO.CK) 

4 fif nyntmn 750.00 

27111,000 icallfifw i*f fttl ill tir^?linni af 25 m*nln . . . 8,750.00 

50II,IJOI'I Kftllwis f»f *41 lit at 2| , . . l2/4K).(lKt 

Ttiliii 101,225.02 

in flu* *if nnn fKTi% ihi’ h i 

IIMI $I(K).(KI 

Hlfiriii^r fiir I,24CI tif «iil ..... 15.77 

12,75 

Oiif* tail k wiiisiiit t4.i I -I ■ = |ii*r imti* .... 8212 

Paili mu* i*i 3| mTm |w»r m^rr . . , , , .110 

■ • fiiii* In 2 1 ■ |wp*r . . . , , ,40 

Tlimiwrrinlnrn ■ nai* l«# 10 mmm ■ jw^r ai’ri* , , 510 

L50 

Oil ill lifiil#»r« - 71X1 gall«i«si al 2i .... 17,50 

Oil in itfirfic# - Ifil ialiniiM mi. 2} , 25 .00 

Tmrnl ♦Th‘£45 

II |w miPttmt lift tntil ifivi^liitnrit - $10214 

15 p*r fini^rifirmiiifii rm $0X1 wnrili nf ltimti*w 15iMI 

II |w fii4nrifr»li*«i un mhnr . . 2.411 

EititnaiMl liftfifiliiig, |»«iiiliiif, aiitl fHlinii: Ct«i ilrliifl 5iMI 

Tciiml $;i:i:i4 

Tlii'H fiiitliiy wiiiiffi mmm iit ftrnt giiirtc»t* to iitiiko ttio 

pf growing lriiiiiii.x itiiflttr itiwiflitipit.H |irii- 

* Tkr lfwll#fi«# Ckliffintia Htate C5#iti. Hurt, VoL 2# 

Mil* 0 11114* 
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('itrii.'i Frit it. 1 


mm 


inhitivi*', atid yii .1, 1>. riithi’riHuii, tlir rryinap'r 

#)f tlir raiH’ly tliiit a!! of tlii^ rxptUH^ \%n-> hy 

tin* hide of tho I«*fuonN aia! “ fiiir iiitrrr"4 in 

wiiH |iiii<l to yfooklioldiT^ *ai! of tht^ r'aniiiiy?-^ ! *' 

HEaAHATiox or riiohti.ii lilt rm 

The* Ifoitrcl of Foot! Itiie! 1 >fil|» uf thr I', S, 

I>i*|mrtiti«*rit of Agririilturr mmlv tin* fiiilinvin^f riiliiii 4 in 
rrgitrd te* frontocl rifni-H fniiiH on Jawiiin 'JL : 

“C*itrii,s friiit iiijiiwl in flavor !iy ffrrthi^ iiml 
dry iind iiiifil for foiwl. Thr dmiiiiy^r' 
ill hy It iiir»ro e»r hittrr flavor, folloii'nl hy ii miirkr^i 
eir«Ti*iiHi* ill Hiigar, itiiil r''^pi*<Tilty m ii-riii rtinirni, Ffiiit 
wliioli huH Itrrii iiiiilf*riji!ly ihtiinip^l !»% frrr'’z.ifig infrrior 
and drrt»iii{io:‘4i*ii fhi* iiiriiidiin of Ihr iimf 

DritgN Art. 

For itir gnhiitiiPT of llioMi* riiHiigiii! ill nlrtr^^ 

fruit* it h uniimfHTtl tlmt» }w*odioii ftirf!i»*r iiivintinittisun 
thr followiiig jiriiirijilr*^ mill In* olorrv'iti in riiffircing tlir 
Ftiod fifid Itriigi4 Art : 

‘Tltriiii fruit mill hr dmni^i loliilirrafni mitliifi tt»r 
llifflllilig tif tti«* Fm«t| itiid A«i if iftr tif 

any inirkiigr fmiiitl iii ifitrr4iilr r*ts$iAki 

}H*r rrnt nr iiiorr of fitritf^ ftiiil %v|iir|i, mi a 
m‘tiois thriiiigli thr f.tnitrr* ii iitarkrd drying iit 

tm'iiity fii*r or iiinrt* of Ifir piilp 

Tti«*ri* in ftiiirh varittlioti in llir lirgriv of fruit 

on ttii? Hfiitir llir on thr loj#% of tJii iri*ii+ 

iirr iiMiiiliy Im llwi t}ni«r iiraf thr groiniii I'Viiil 
Oil thr iiinifir t>f tJir tiw m hm fr$mm§ flam linit mi llir mil» 
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side. TIitiH mdieii fruit h fuekrii itftiT ii flitiiiiigiiig 
frera.‘ the guod jiiid bud fruit wilt be fiiixed liigetlier. If 


Ill, •—(##»§’> ir|#»f4 m-^mrnUw h$f 

thf fiTum-T Slut wiint tu «*M nH his fruit nt a gmd 
di.«ouiit as !rumi fruit, «r run thtt rkk uf Imviun tri«d>l« 
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with FoikI and Drills hf nm-'t M jwinitr tJir 

frown from tin- iiniiijiirnl fruit. 

This is not ns siinph* n iiiutliT as would at first iijiprar 
for thf ri'it.son that thr fruit itsuaH) j»r**si*!i! s no mitwiird 
indh'Htion of its interior rondition. 

r.HUidly, after i» few weeks, frown fniit loses ii iim- 
shleraiile }(r<»(airlion of its moisture and grows lighter in 
weight. I 1*011 this fitet are ltii:st‘«l all met lexis of a parnt- 
ing fnewii from sianid fniit. Normal Jtrangis. Inue » 
sjH’eifie gravity of ,S2, but a few wei-ks after fadng frown 
they dry out and iHi tune lighter. If «»rflnges are droi»|Nii 
in a litjuid tlie s|»Tifie grmity of whieli in »lightl> lower 
than tlnit of giaal fruit, the waind fniit will sink while 
the frozen fruit will ifoiit, 

'l‘he first •«‘i»iiratioiis made on this }iriti!'ii»le wen- m*- 
eoinjdishnl by using a mixture of keriewne ami distillHle 
oilh. This provwl very objietionahle on aritumt of the 
mlor left on the fruit. Ik t*. ieflerts of !{ie||an»ts in- 
vented a uiaehine «-**nsit.tiug of a large tntiigft in wbieb 
deiifttureil aleohol of the j>n*|aT ajn'eifie gra'i it> is pliiit-rl 
to a tleplli Ilf alamt thirty inetiea. *rhe fruit is tarri»ii 
by eonveyors and tlo«le«| in the ali'oliol, A «|owbIe ism- 
veyor awwjw the aurfiwe of the liquiil »inl i|eiiier'» the 
frojani fruit to one la*lf . while the rrlurning iimve) or drags 
mi the lailtoiii atal ilefivera the iwinnii fruit at iimtfher 
laiint. Alon* or lesa dillkully wus eneoiiiiteretl b> the 
alnthol inereaaitig in aiasidli** gravity by the wwter nhwurla**! 
and the inability of mli«lilHiig it mi attounl of inilioual 
iawa governing dbfiliatimi. 

After the ladferta nuii'iilnciii littil \m>n nw-il in many 
Iiaeking-hnttmi f«M’ two ye*f», Frank f 'liiiH* of Uivrrsiile 
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iiivetitc^cl tlif wiitiT whirli t|uii’kly dinjiliiml nil 

■otiier rnethc»<b iif (jmiigi'H. Tim riiitrliiiii* rfiii- 

sintHiif iiii<il>!ong tiitik through wluoh wiiirr iiiiiy hi* luiitlr 
to <ir(.iihite iit delluite liy it jiroprtlrr. "ffir 

oniiigeH r<4l ihmn iiii iurhiir and droji into t!ir tiiovitig 
water froiti ii lieiglit of n foot or more, llie light fro:vfed 
oraiigen bol) tij.i to- the Hurfia*e cfiiiekly, while the '^iiiuiid* 
heavy fruit m dower to Meiui while the oriifige*-* 

hii%a* iKaui earned iiloug hy the eiirreiit, thi* Miuiid fruit 
pandiig under, and heiug eiuight hy ii lit»ri/4iulid ivire 
aertauu wliile the liglit fruit h earriet! idiuig tihovr it. At 
the farther end of the tank the two gruden are lifted hy 
coriveyorH luicl df*Iiv<wi to M^jutrate hiti^. lly adJirMfiiig 
the poHitiou of the jwrmi and the rale ftf fhuv of the 
witter itiiy degrei* o! dedrrd iiiiiy la* 

Thin deviee eiiiihl«*H the growler to i4ii%-e wiiitfever ,^aiiiiid 
fruit niity liiive hiTU left, and he iiiay dtijt it iitidr^r lihi 
regular hruiidH ivitli fauiie iiH,Huritfiee. llu* fro?ileii fruit* 
if not H 4 *riffir«ly injured.* may la* Hhijijual under it 
frtmt hritiid <tr it iiiiiy Iw imnl an ii fertiliser, or ittiidi* iiitii 
vnriotis hy-|>riMiiiet.ii. 

The witter m^pitrulor ilm*n nut work witi^^fiietorily witit 
lentmiB for tlie rrie^iii thfit they are riot roiiiiii* iiiwl the 
de}itJi to wdiieli lliey drih in the wiiler will iie|«utfl, to itii 
extent, on tlie jwmllinri in wdiieli iliry liiipfieii to Hfrike 
the Kiirfiier. For the iM^fiiiritlioii of lefiioiw flu* tiriiitfiiml 
aleolml hiifh h Hlili A layer of liuttoiH filiired iti ii 

large ivire triiy fiiai ^iibinergwl in the filefilnih irliirh Iiiih n 
i4}a»eifie gravity of M*I, The frie^twl leiiiottH flmit ami iirr 
rriiiovei hy liattfL FrtM|iieiit tm 4 .n wutfi the fi>‘dfiiiiief rr lire 
iimmary iiionier ti:i kei*|» the li<|itiil iit the |fr«j»i*r ileii.^ify, 

t 


274 


(‘Itrii.'i IriiiLH 


TIh* <in<*.stinii b rai'i'ii a'* In wiii-flM-r fruit 

i.H (inly slijjhlly frnzcn may nut iuiprinr iinii fill ii)t Miih 
juici* iifjain if li'ft on the tn-ns. 'I’Im' wrilrr ha nh 
this 1(1 take place tu a liiiiitei! extent liulh «ifh 1« iie>n> 
ami Valeneiu (franges. It apjiear* that tin imlividual 
juiee ve,Mele.>, in any pnrlieiilar fruit \arv in ilnir re i l- 
atiee fo freezing. Sane reah^i.rh the Hater Mhidj fia> 
J«*en (irawtt (uit of the eel!- in urder l<» « ry tallize. while 
ntliers fail In dn mi and eullaji-e. A juiee ieuelr unee 
millapHc*! apparently will iu»t till up with juiee again, 
altlaiiigh tla* ee!l.'» making tip the wtdl* may retain life. 
Thnse juice vedelcM tthiih du regain their lurgidity. Imw- 
ever, will grnw larger than they ntherwia' wmdd iind In 
an extent will fill up the xpa* e - left hy the e<*lliip*.«-d e«*ll*. 
When mure than une-half tlie nnnilH r i»f %e'tie|e» are de- 
Ntrnyetl, the gain in .4ze uf the mherH will hardly lie 'Uifli- 
eicnt tn make the fruit inurketahle. .‘m-i* Fig. 72. 

fn»*t'KllATI<l\* IV riKIHT rt«illTIV«i 

'Oh* litrge eitnis ranehex are in a itieaAiire xnnieient until 
theiimdves when fnixt fighting i* tindertaken. C hi arenimi 
<if their Am and the Inrge nutnla'r nf tiw*n entfilined they 
arc able tn wgiinize their fnria*n etiei lit, ely. 'I'he itiiere-i^ 
of small growers, however, wlm own thn-e, five, nr ten 
tWTes each will la* lu'st wni'isl through eiaija'ration «. herei rr 
their holdings lie »‘Jom* together. For Miine y eari a tii ry 
aMwssftil organiwitioii of this kind hii^ at 

Ptanotm. It is known as the Poinoim \4dley (Jnhafd 
Pmteetion Aswa-iatioii aiiil is «»ni|ae*is| of joany small 
growers of the distriet who own in the aggregate afanil 


frtf.Hi (uh! (ht hartl llmtmtj 


MIHMI nrr hHuijhf l>y wliiilf'Hiiti*, and flit* 

fif firiiii^ narrit^fl nn by a r>^|int’ia!ly ur^iini/jnl furnr 
\vliii'’li i;s dirmlrtl liy one* niuiuigtT b\- frlrplKnir fnnii ii 
hfiitiniL 

Tlinriiiniiintrr ,Ht:ati<»nH arn loratrd at jit»iiitH 

along tbn rnadn ruiining tlinnigh tin* orrliiird^* and ?iroitta 


liitiuntrd m\ iriotrtr- 
cyvlva iiiitkr ilii* 
rounds of iIh'si* sta- 
tioiiH oii nights wbiii 
danger from frost is 
iiiiinirienf . Tho torn- 
IMTiitiiros an* rofiorlrd 
to fill* managiT at: tlio 
mitral offioi*; and 
wlinii till* toiiijiora- 
tnn^s fall diiiigrroiiHly 
low in liny Nrrtion, tin* 
oiviirrsof till* ftri'linrds 
ill tiiiil di-Hlrifl iin* 
liolifird by 
til iirojiiirr fur ligiitiiig 
tliidr firitirrs. As 
tlirsi* t:i*iiij«*ritliirr fi*r- 



Pin nJI.. -■ nf Pdirtirffii 


unis lift* Jill rliJirtril mul }irr.^‘rvr#I* liiry roiistifiili* ii 
fiiiid nf infiiriiiiilioii in rrgaril to nir nirfrnls mul ruM 


lijMits ivliirii is of vrry grrat jiriifiiriil vniiir in nil 
ftiliiri* I 1 ir rxiiiiijili* si*t by lliis nrgiiiii^ii- 

tiini sliiiiiiil Iw' fiiIlowf*i| ill otfirr t|ist.fif*t.s iidirrr iiiiiiiy 
fciniill orrltiinls lit* nnir fogHtirr. 


Ill laiiif'liniiiig tiiis wi* itiiiy ^y ttiiil mhMmw 
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may lutv<- Uvn tin* final vardirt in r. pird t., .i.ridtu.n. 
nrdinr.1 haatin)? in int.-riiiutintain >lat. , tla- iinittin,- ..f 
citrus orchards in < •alif..rnia has j.rovi d a dr. id.tl Hirr.-,. 
and new hcutcrH an- la-iiiK instidh d us fa 4 a * fh.; farlori. s 
can turn them out. H i- safe t.. s!,y that ♦ilnis and 
c.si«TiaIly lemon orchard heiilin« in ‘ ahforma inis nane 
to stay at least as lontt «’ eheaj* fuel oil i* avadahle. 
JudgiuK from the jiroeiit inerease in oil i»nHh»eli«»n m the 
Htnte there would apiwar to la- i... warrant for any un- 
easiness in regard to the fuel su|.}.ly for many .ve«rs to 




nrAiTKrt xv 

I'lCKlXi; AS!) S\i('KIS(i OHAXaEH 

unuiKff. uri' hnrvi'st»*«i tlindighoiit tlu* .v<*ur. 
N'avi-l urnngi'?* iin- from N*ov«-m{nT I ti» Muy I. 

Ocnwoiwlly Navii iiu kiii}; <oii»imu''i till .lum-. Most 
H<T(ni(i>'M juiti »ii'«'i‘iiaiiwitis vnrii'fii'H Mirli ns Mfditor- 
ram-iiii Swi-i t, I’njwr liiiai St. .XfidiaH. Utthy nnd Malta 
|{i<M»(l. am! f ’rnffon an* pifk*'*! ♦litriuj' May ami cmrly Juno. 
\'ali-miaH an- !iarv«<Ht»'ii fr„ui .laai. | t,i .XovimuImt I i>r 

latiT, thifi «ni'rla}»|iiM}.' tin- iirst Navi-I <to{i. 

Oraiigi-'i ar*' pii kr«i wiih a Kr<‘at deal of fnr«* f«jr the 
ri*aHj»u that < ari'li*v..m H'i « ill ri<Hnlt in am! iibraMioim 

of thr Mkiti «hh h inlmit tlii* jiiTiiw of tivmy. An oranf^e 
with a laTfiTt jy nohimI >»kii» !?♦ jirmif iigatimt dwn.v atnl will 
normally livi' am! rt'^jiiri' (ftri*atit<’) for ai’vnrul uiotiths, 
griulnally liming wator ami I'arlKm ilinsiih* until it finally 
ilrii’K iij>* tnrti'* l♦rr^WIl, iiial iM-i'otiii'a an liiird uh a wiaKlen 
hall, ffraiigi'i will not rot tnih-s tln-y iMiinim inte-tml 
with ma row-opir plantii whMi grow in tin* tis«H‘, jMiftmiing 
anil lirraking it down. All snrh |tn*mattir(* ilwaiyx (inwl 
thm* an* many kimlH) iin* j»rcvi*fitnf»l«*. 

Ah la-forr Htati-il, tho nniirciktit, healthy akin of thi* 
orange i» prmif ag«in»t altiamt nil sih Ii ilwavs ; hut whoii 

* 1 ... .1 .A .. 1 . .1 _ .. . .1 ‘ . . 
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Mirli ii,H glt»vr>»* ^iipi tlir "lU' 

iilwiiVH i’oiitt*il with lliriii. llir ri'jiih’r rniiriiil«*r 

that thvsv <»r nrv imtriu'nlh, r%rr ptr i^iit, 

ami tii» iiiL^^ Hilly to hlnu' hift hri'afli ipthh;. n imM} 
fir kimiii am! ul>Hrr\r ihr liilliHiiH i4 luiniiir' #ir 

.s|H»rf*H (liiiifiiig in a tii rriilii^«* thr unmli^’^f 

priHluc’ril. If HHiiir i»f thin ‘‘iiiMlii thf-4" h«'* rxmimml 
iimliT a vm’lt jtarfifi*’ ^^ill Iw’ In Iw’' ii 

\vrlNirvr!i>|aal -.Hpiirr rapahk *4 rr}irt»iliif‘ili|: llir ■■iiinr 
<h*<»ay tvIirmn-Hf it may fall in a ;aiiial»ir jilnr-r !«i 

Hniiirliiiii'H in firy wratlirr ii vrr>' uhrli 

hrriikH tin* nil I'nllH iiiily* i-^ faiiirrimi »i\rr .iiml linilwl 
wilfmiit iiifriiitiii taking }4iiri% hiii tlsi‘4 rmt iiliiiiy**^ tin* 
riim^ iiml it riirnly hiipja’ir^ in iliiiiip 

Wlirn f!i«* fruit hiingiiig »iii tli«* irrr thr rinti t% lilirfi 
with wiifrr Iiml thr Htirfarr iirr inrgiil. llirv nrr 
vrry rn,Hily hrnkrn ^i lirn in r'liiiililiitii, iiliiir iifti^r ihr 
fruit him t4«irr«l in thr piirkiiig^imii-v** n frir ilii} 

iimi llir riinl ilrimJ **iif flir fniii ii'ill riiiliirr it 

grnit ilriil iimrr in itir m-ay uf rmigli liiiipiliiig.. w 

tlir rrtiHiiii w-’liy it wl^a* in Irl llir fruit rtirr mi the 

fiiirking-linUM* flm»r fnr ii frw* lirfiirr riiiiiiiiii if 

tfirniigh tlir vmum iiiiirliiiit**'-. 

The fiillnw’ifig arr ii fr%r #4 llir wny!* tlial iihrimimi't iniiy 
iKtiir, ami ritrli nf tlsiw ^linnhl «iirrfnil> miitr'linl , 

II. ^ riirrlr**^ «4trii llir 

Ilf thr rli|ijM*rM in r.iilriitl tirymitl thr >triii iiii4 ml 
iritii ttr jiri-rk llit* ^kiii, 

b, Siriti iiinirltirrt*; ail tiiii^ lit* ml tiff nlinrt 

still itnmitli, rlii? lhr>’ will {«* ^iirr l*t |iiiiirliirr llir 
cif other iltiring liiwlliiif * 
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c. Fiiii^rriuiil all |ii«’k<T.H .Hliiailij hr rrifiiirril 

fr wrar vitiUm ijlovr.H whic^h art* iiriiii* r*'ijirriii!!y fur 
till* j»iirpit,H'r ami .nrld h*r frum till tu a 

fiiiir.H. 

i/. Ciravri Maiirtiinrs a 

will tliruw nil riitfity hux friaii thr ili;4 riliiitiiii: iti 

.Hiirli a way flint Hiimi <»r i^nivrl will hr ftirfrd intii il, 
Brforr filliiii: a Itrk! if :4aml<| aHva\;^ hr invrrtri! iimt 
till* iMitImii fiijijirti tn «li‘4i»f||*;r luiv grain uf >»ami jirrariil. 

i\ NiiiIh ill hn^r-s ; in imiiiv rani-^ iiiiifn lia%''r hwi fniiint 
Iirrtrmfiiig mi thr iirailr rf hi*\rH, ami thrir jaiiiila 
nr^trii hy prir'king iiilt# jirrfriily giwnl lifaiigr^. 

/. Tlairii ■Mrrairhi’if ami ilnijit fruit ; nfini wath tlinriiy 
viirifiir> r**ir4t|rnihlr rarr h iirntnl tii i^^trinitr iiilrrhir 
friiit frriii tlir hrii>h uithmif. .^a^riitrliiiig it, Xn fruit 
wliif‘}i in ilffijijM'il 4imilfi hr |tirkrfl n|i, im if h iiliniiHf ?ilirr 
1.41 firi'^ay. 



1*11^ *w* Tnlim Inii r|iri#»r'tt mUk 


llir rlift|«*r% intm* nrr ii grmt iiii|irti\*rfritiit 
till* iiiil ?^ty|r^, Tli«*y liiivr rtnimh^fl iiii«l in 

hiiifir-^* Xlr»*it. fruit i*lifiii|ii hr # 11111141 * 
rlifipti, ttiiit hh llir fruit b frutii tfir hfniirli 


2 HI') rruiiM 

with otw hihI Iirhl iti ii lii*»rr nsin'riiinit 

whilr thi* in ritrrfiilly rut tiff iiiiti 

*snimith. llir grrtii ralyx iff biittiiii*' iih%iiy:% hn'^ 

left tm the fruity fur if it h jiiilleil *iff. itri r-ij«-riiiig in iimiie 
for the eotriiiiei* ^f iir*eay grriiih, 

Only iImiIi fiirkiiii: Itiiie-* itn* 
ilhi'ik «'»f %vhirh ihrrr lifr five 

III* iijofr '^fhey i’lre r^iir* 

^*^**^^^ rieii liy II lirtiittl *4ni|i m4iir!i 

i»vrr llir ■’^Imiiliirr* iiini 
the itiiml intjinn’ni ivjirH lire 
* " ' " ^ iifijo-Hliifile in riijiiirity niitl iij.itni 

lit the l♦otl«Ilo filhtwiiig ifie 
fnht to l«» riii|itiwl into llir 

\ hi|i:4io%rri griilly iiiitl m-’iilniiil 

|;j -y I bniWiig* 

I'l M \ Mimy lilfferriit of Ini* 

/ , j ji PI tirr% lire tin* |irrviiilitig oiie 
X' 1 tinviiig ft fliirrl lr|? ofi liiilir-’i 

\r-' ^’liirli i?* let iloieii ttiriitiili tfir 

I bnitiefir*# itiiil rr^O oil lilt 

J grotiini tirnr tlir bii^ nf tin? 

tm*, Htifitilr lioitlrr*^ mllirli rr: 4 . 
mi*m^ agaiiwl tlie liriiifrhr^f iifr Iii4 

riHiitmiitrtHiiti, thr.s • hh*** Ii«* 
msifh injury t«> thi» fine fruiting it 

i« jM'<f»siiry fcr» ditnb up into ihr ifMtrJu * «»f flu- 
tn retteh iiwiile fniit. 'llii* dnnifii \m* «;> inn* b m 

{XMHibie, Its Utc heavy i4ioe# i»f the picki r* M«r tbr bark 
atiiJ way rarry the jjeriiw of gMiiwli«’aM% i-Hja"* ially wI»i?h 
tlie aurfiitT i»f tlie noil i* wet. 


ami rm4:in(i umngtsi 2HI 

SciiiM* gr«wTr,H uiu» iiiiui in niH.‘!i jiic'kiiig giiiig 

ti) lic) rliiiibiiig in twvvs^nry iiik! mfuirt* thiil iitiiii l<i 
wriir II griiiti Hiii’k tini ithont <*iirh in nnirr tii 
briiLHitig the hnrk af the treen. In iwiving !fichler::4 iifMiiit 
great eiirc* slifitilii be taken injury In thi* fine 

frtiitiiig briiHfi whk*h In* ilejieiidtil Ujieit lit !i*»itr 

umeeml i iig m . 

The fruit lifter lieiiig pirkHi h ^ 
tramferreil to ttie liig4io3ceH whi<*h ^ 

im* never fi!lt^l c|iiile ftilL llitm* ■% W 

liig-hoxeii are tlieu i%titeki»(l one on J § 

to|i of tile other on thi* Hliiiily nitie 1 
of the tret*ji to await the .spring wagon M " *»% 

which eoiiveya tfiein to the paekiiig- ^k\ 

1 , 

It k often cin^toiiiiiry to piek the | 
fruit from the lower hriiii4iiei4 | | 

leaving tin* liigli fruit till Inter in ^ ® ^ 

the muiHoii. Tliere are t%vo mmmn 
for tliiif, One in thiit front h often 


low'4iiiiigiiig friiit |iieki*il eiirlv k out 


browm rot fiifigtin grriwn in the ?4oth 
itiifi iliiriiig wet mmum to the mirfiiee iiftti fpiiln. 11ie 
ifiorrii iin* npiiintiisi by the rainn tip on the itiw-liaiifing 
fruit, <«tOiifig ciecfiy, II 4iouli! |aiifitf*fi mil tliiit 
fiifigun in fiifFcwiil in itn nelioii from mmi oltier fiiiifi in fwil 






CitriL^ ft nils 


iiiul lip'S *1 !r«*ii!4** iii^iir 

the ritiist, aiiiil li<«-liitii«iiin fruit m i «i Jt"t l»«- J'H kf-.j rsirly 

ili t!li* ilitrrit'fr «»II tliin 

(l<*riiHit.»iiitIIy onuigp.n iin* iirrMriliiii? Im '+i/.r «iii 

cmItTH fruiii tlip tir-4rr''-^- n jiri‘|wiii4pr“ 

<'>r till' iipi) kr |i< lliri*l 

till* *4 :p»iiir irrf^iiii irpirkri* 

Sninrtiiw*.'** if* tlir «4' ji 'I’l^ry 

*U\'\ rr»i|», it t** fliili tlw* 

fruit oii tlir trrv-. fHthrf thiiii pirk It 
f'lt'iin tlir fir’4 tiirii*, Tim tr* 

till* Hfriiiii i*u llir iiii4 tin? 

jiriijp-^ to I'w* rrttiiivi^l. 

It liiiH Itrrii iiiHli»iiiiir>' li* imy plrh-^m hy 
till* iby futhrf tiiiiri hy tlw lm%, Fkw 

|I Wiifk liiiii«llili|| I'liwi BU 

n inrmm'^ in tin* iiiiinMiil 'pf tlrt^ny, 

Fill mi ^ - W-ri>»#4- wlik’li itir pf i'liiiiigi^l ff«lll 

^^**'^*^*^ grrrit tn t% illi%*iliiii#iti^ mlirii riii* 

**’ |iliiy«l fur tlir |«ir|iiiw $4 ilrtri^iliH llir 

f«i titr ciimlity nf t}ii« r»riiiii|r, litiiipitnrr fpiit 
tuny iwl bv rnlpwl in tin* itiitl '««44 il 

in fit tit mil. Tlirri* iirr humi^^Tf. in mliirli 
in |«*ff«»tly Irgiliiimtr* Miitiirr ViiiniriM pfiiiigr^ uitm 
ili*vtlti{i il $fmm rt-it«*r «biriiiM tlmir ^nmmrr m tfii* 

ilitl B iintit nwriitiiiic t*i fr4«»rr llir y«41<^w 

c^ikif iiinl In niiiiiiiPiil^ In 

iiniii* irrntbiin nlm l.lii* fmil 

ftill? yi’lkiw. Tilt* i»f nii«4i friiil inn) f ■ <“! 



Pirkitig ami Parking Dmngtn 

m tlii‘ proviiiiiig lilwiiVH that hiit*h trriifiiiriit 
in restri<‘ti‘<! tu fruit whh’h in fttlnTwinr iimtiirr ititil in 
gciod to^ rat. 

Very pric’e.H iirr usually rrrrivrti fur the mrlirHl 


Fia, lC)ri...-«Tlr W iiHi» rli|>|rt«r ip»w ftp'* ‘riilflr shiiwti 

i« FiM' W», 

Nit%'el uriiiige.s Mmt to EitHterii iiiiirketM. Im^ rrHiilleil 

in reernt yeiir>i in eun.'^itlrniblr rnin|ietit.iuii fur tlir riirly 


marketH and tlir* .diipiiirnt id nin<*li fruit wfdrh in ini* 
mature and nut Hiitiinfaetury. HutiieliiiieH uriiitgeM iin* 
}>i<‘ked m early m tfie in wliile .Hlilt 

ja*rfeetly gria*ii in ef*lur» eulurial hy 
mveating and hmrml to itiiirkeL 
While .Htimc uf tld.H fruit brings higti 
l^rieeH ttic* reHiiIt dtHii-Htruii.H fur tlii* 
niiic’li latlter fruit wliieti fulluwfi. nii.?i 
iiiiwim* sliijifrieiil uf iiiiiiniliire fruit re« 
siiltcfd ill «> riiiieli hms inid 
tifiii futiuiig the gnnver^ uf Iwilh ( ali- 
funiiii iiiid Fluriflii lliiit the legiditlitrr 
of the Htiite uf Fluriila un Jtine fd, 

Iflld* fill iiiiiitiitiire fruit liim* tefiieli tiii?i ?iitire 

la*iui eiifiirct*il witli mmu* giwal re»ull!i» lliin !iiiv fuftiitl:^ 
the liliipiiieiil uf grt^ui fruit Wtmmi >k»iiteiiifief I iind 
Ku%tfiiila?f fi uf eiieli year wlikdi by le^l In 



¥tu nil Mr^Uil iiU- 

eill« liilll##, 


I 



2Hl yrmi^ 

ill till* jum* iwm* tliiiii iif iiritL 

A Himph* uihJ rhfui* »ii-!1hhI '<f thr Jiriii !i *.t 

was wi.rki‘fl <.ut hy iIh- rlH-)H!4 aiKi i4ani«i al 

tlw (iispHsul of all K'rottt r'., Ili tttrrji .<fi»i. inUr I mal 
N((V«‘»il«‘r '» iji>|MTtors triivi-li'*i tlirough tin* ‘tHir tiikiuR 
siUiii.li-H »n<l inakiMK t«-4 , at thr various pa. kins-lioO'.r'.. 


Pirkiti-ff PitHdng Omngm 


F<K)I) INSPECTION DEC’ISION i:i:f 

Tin: or CtiiKKN* C^rricrH Fmiith 

1 The aftriitiori of the Brian! of FiHici iiiiil Oriig Itt.Hfieetifm 

hiiH Iwvn directed to the HltipriM*rif in eofiiitirrer 

of gre«ni» imiiiatiire cntrn.H fruit » |»artieularly ormni^rH* whirli 
have been artifieially eolor«*(i hy lioliling in a wariiu tmmi 
' atmoHpliere for a nliort pernwl of time afti^r removal fropi the 

tree. Kvi<li»nc*e is 
adiiiim! sliowing 
^ that Hiitdi oranges 

do not ehiinge in 
sugar or ac'ifi eon- 
tent after reniovnl 
from the tree. 

I Evidenee further 

j shows that the 

mine oriwigeH re- 
f . nmitiirig <111 the 
I tree inereiise 

j markedly in siigiir ma , 

■\ TOiilriit and de- 

1 crmm* in a«*iil I’tmleiiL Further, then^ h rvidenre to nftow 

i that the eoiuiurriptifiti of siifdi imitiattire oriiiiges, 

hy eliildrru, is iipt to la* hy serious distiirhaiires of 

:f the digestive sysleiii. 

Fueler the Fiawl mid Ihnigs Art of Jiine *111, ffiMI, iiti nrlirle 
of fmiii is liiliilleraleii *Tf it la* iiiiisefh faiwrleml# 

cmt.«h ur stjiliMsi in n rnaiiiii^r whereby fliiiiinge nr iiiferi- 
■I ority is ttfiieimled/* It is the ofdiiioii of iftr flniirtl |}i»l 

oranges tnmtecl $m nlaivi* an* ro!firi*«i in m iiiittiiief 




TIm* lirmrt! till* flirt iliilt rrri;iiri rtf 

affitiii iiiiiftirify ii.h tt» .<rAr>r!ip“v.'s iiiif| uvi4iiy 
lirfcifr l!i»* rt»lor rliaii^r'^ Kfr-rll In yrlhm, ftipl flii^ 

i,^ md iiitrtnli'fl tii iiiirrfrrr »itli tli*- nf 

*4tirh i»riirii;rH, 

11. W.. 'Wii ri. 


ilfPlfJ’f r#/ 
StTfrlarji uf Jf/ririilf iirr, 

Wiwliiiigifiit, I>, I )tliirrli Hl| I, 


Fill, IW. - 


I’Tir riifurmwiit iliin niliiin fi»^ ilnisr n 
aiiitiiifit of gwnl, litit it Imm not rntirrly iiiii ii fit tlup 
irufijMiiiisilib .^Wpfwtil Ilf mtirtlilr^.i frtiil* fnt i!ir 




Fig. 105. — Box press and nailing machine. 

z^here there is living vegetable tissue there is respiration, 
3irbon dioxide and water are given off. That the respiration 
red oranges takes place at the expense of sugar and acid 
esults in the gradual reduction in the amounts of these 
mces has been shown to be true by investigations carried 
the U. S. D. A. Bureau of Chemistry in 1905. 

>uring the storage (of Navel oranges) there was a slight loss 
d and in sugar. This is confirmatory of similar results 


Picking and Packing Oranges 


t applies only to fruit which has been artificially 
i.i 


Cifrm 


Xiivi*! rarli«’r iin»i >..ivrrt. mrlirr 

ill reiitriil tJiiia in ,^<»u!lirrii t 'dthmitii, 11ii* 



itjipiiriiil mhi%ntni*r In 'vttr’r!iir'>.H iif 
nirly omiin'r'- inmi Sun 

Joiiijuiii Vii!!ry Iif4 tJilr 
to lilt nifty iiii-'ri'irHr in toint na 

it hi to liii rsirly mrtrmr in llio niliii 
MJgiir mill Iiriii, riilliy^ liiw 
j-4ioi.vii I lull if h fiir I'lifly liri'n-iiM* 

ill imifi, togrtlif^r ftp* mrly r'filiir*- 
llir iirom"rrH in t}ii* 
Siiii Joiiijtiiii \4ill*yv III iriiirkrl tlirir 
liniiii^rH riifly, 

lirtTiiily I.,. nf 

tlm liiirniii of Cliriiii-4.iry% l\ S. |l. 


Fifi. im- C'linriifriiil 


Am thill m II of in- 

vr!4iMiif ioii» nirrirti on, lltr iiorttirrii 


fiiiiy tMTon^^nlrriti to f»'* iitiiinifiirr mlirri tin* 
jiiict' iliK*ni not rout Hill •Nfltihli* rf |ii»l t« nr in rirrsApf 

Iglit jiurtii to i*itt4i }i»rl of mM |irrf^4il, l« tm mlrii**' 


wifli iifii} tltp 

t inn f#f mml mill mm»f m rtAfiimlioti ml i lir fruit ” , , ^ 

Ifwn of ipnil mill »-iiiPr »ii»ir4 iw m in lli#» 

f*mp of ii|i|i|ofi, hy immmnpimu of m * 

rwiill of of ili** frni*/' W If siol If r 

(Info* ill 111411 fig «f <>rmig«y- h k \ H tii 

Kpw Clrlrttitfi, IlilT#* C *11111 ffiiiii llio llisf# un «t < li* ipi*f 

IL llofil. Jlgr* -- |Hi|-i|i«||i4 III Jmftswtl JfiirrMron ^ 

Vul. Kn, fi. tW 7 .. 

* ih ¥ 4 . f^olhy, of N|j|| 4 | 4 iit 

flmngim fpiiii Ni-irtlirrii* iwi4 

r(d$fi$mU It, pp 


Pitklng and i^arking Orangm 


2m 


lateci an citric witliciat water of cTyntiilliziifion. If. wfi:^ 
decided to thin figure upon the iiekl .hoIkIm ratio in 
preference t(» the iieid nugar ratio for fhi* rnmni thiif tlie 
^ growers iokI pii<*kiug*hoUHe foremen %eouJt.I hi* fible to 

make tlie neccHHiir}* anii!y.He?4, wliieh wouhl he iinpo.HHible 
in the eani.* i>f .Hiignr.H. 

Since thin valiiiible HUggent ion %vilh nia<!f» growern iintl 
* nhipixTH throngliout the early dinlrietH liiivi* applied the 

test cpiite generally and are 
<‘0(jjM!rating in limiting sltije- 
merits fruit whieh shows 
the H-d ratio. Tin* effi'ct of 
this Ims berm very benefirdiil 
as sliown liy market rvimrtn, 

Shi}>perH of nrnnges will do 
well not to pii*k tlm fruit 
until it is in eondition to im 
i erijoyerl on the liifiles of the 

growers tfieiii.si*Ives. If the 
onirigc industry in riortherrt tuo. 107. 

("iilifornia is to gnm’ to great proportioiis, it ifiiist flo » 
0.11 a basis of satisfactory fruit. Kv«*ry tirfiiigr mmt tii 
market sticiiild stimiiliite in lire buyer 11 desire fur nioft? 
'1 of the siiiiit:* kiricL 

The Mitmi-rmmi, - 11ie s^vral-rrauti h an iiir-tiglit, fire- 
priMif ctiiiifilM^r built .m^-'piintle from Ifir mam pint 

of the {Mickirig-liorim*. a floor fire 

keroi^iie fiiiriiiiig stovi*s of n tyfa* wtiieti lines give 
cfunplete wiiiibiislioii. llie lioi i^amm iiiid wiilcr viifair 
pass up tliroiigli the fiiMir atul envelop fJu* friiil, Tlie 
teinijeratiiri! is a>titrolliM.i by vmtilhUm iti lln! riMif ititrl i» 
u 




(*iini.v fraitv 


2!lfl 


kr|*t fiir nriiiig<*s lit V\ for from ihri’r !■«.* fiv*^ #ir 
iiiiti! tlir nrr |»r<4|M'r!>' *’i4*«r«"«L thi' 

till* iiir ill tlir M}p»iili| hr- krpt ^fnlr iiiMi t lo 

prcn-fiit iiiiii >!irifr-Iini: ^4 tli**’ Innt, Hii^ mill 

r«t|iiirr I’lim* thr mr will *lr> out %ifli uum* 

tif fniii liinl fi'inl fo fi'iiiiiiii ■ 4tiir/itr4 
n mitli Mtlirr %4 iii.i’. 

M ,\4*f l»ll l!ir iiii#} «irr“||.-4|**|j4j|\ It |'4 

^ !«* ttrt llir fruit nfiil 

M llir hifirn iiiifl lliiof of ilp” in iniili* 

M linin H'lr fruit :4ioiil«| In*' ir* 

m r«irtiiii|» to 4iiiiir of *44t-»r. llir i.ij^4itr4- 

B jiliin^fl tlir m$ tlmf i| 

M riiiiy In- rriiiin-rfi nsrlii^r tlniii tlir rrsl if 

K ilr^fiiUir. I1ir iiir Ntioiilii In* m lillk 

B lliiiii ^iifnriili^I u'itli iii«4H'iiirr. 

J| I Wiirii ilir ri4«-*riiiU *4 friiil h 

hifvnl tint nn^flly tlir liiitioir^ n4fr|ii«i| 

4irifik m%'my iiiit! liffift tiff, Tlitt i^ irry 
ttinlr4riil4i% ii.^ fruit miilunil 

™ it«i| III fi^ mrll itiiif Vi ilif%» 

sii tlir iiiiirkrt;^. IVItni i# 
miTm ttir mmv ftiltir flit 

fruit tlirnw' ilir 
Ill vtry ff*w p\mm% in C ttlifnrnii Ilir frtiii rfimr in 
tlir i^tiiirirfilly rtr«ii In j#««k. In iiilrrit*r 

vitllryM it k wivriirti wit.li a kyrr $4 iiii4 iimr flir 

rimst it k ii|it til nlmw mmlt* iiw'ti.% nr itir tiln»k 
{ JlrliViln mmritmi wliirli m it fiitig«iit^ giimth «<« ikr liniiry 
iit*w i*r Ilf wmlr If fpiit m 4iii}4y 

it k mil tlimiigli i mfm uf r»|tiilly rri'nlt mg 4fy rwllrr 


Fifo lliw.. 


■' UtiU 
Hfiwll 



Pirkintf atnl Vnrkintj (hnngrH 2!II 

bruHlic^H. In some I’ases it, muy have a spray <»f wider 
dire('tc*ii ii|Km it while in tin* brushes or it may pass in 
water f>etween twt» series <*f subineri^ed brushes. lit the 
latter ease ii tank is iiei’essary, aia! it is gcHal potiey to 
disiiifeet flit* wash water aKuiust britwu rot iitfeeiioiL 
Waali water for oraii|t<^^ usually disiiifeeted by the 


Fai, ICMt, ■' c*iir dm. 


ariilitioii ot f»t«! jw»n»itl cif {writmiigittuth' of (»otns*h KMX) 
giiltom of waK'f in tilt* iii<«ri>iii|;, lutti nt ntxni | {Kiuiitt in 
iwltittl ti> tlip Slant* WHtt*r, I’ln* wiiU*r in thtf tiaik is 
diaiigtxJ eafh tiny. 

After !>t!i 

drying riwks in irn* t(|i€*ft t»r iiikut ctivit, tir is ran tnrtrtigti 
an air-l>Ittst «iryi*r. 

ITie fniit next j«i»st*K im i«*U« nr r«ilit*r way* i«*fnft* tire 


('ifrm FthHm 


2* Ilf 

M']uK riJiiHiilrriii^ liiitl 

hi'iTt till’ fruit iulu tlim* ^4iiiitl- 

iirii* iiiiii fiiiiry, jiliiriu^ griyir «*ii ii >.i’|iiiriifr 

lM*lt wliirli €*i*iivi»y:^ it ta rrHjH*«‘ttvr miUmmtlr m-rigliiiig 
liilirliilir wlirrr I hr ptulwr nf rm'h ^rmh i?4 

rrri!it<'^d li» flu* f^row-rr. Aftrr thi* rniiip*^ ihr ‘iirigti** 
iiig uiiwhiurM tlifir iiiriitity iiirrgi^l in griirriil inni 
yf tlii* hull HI*. 

1lir fniit tirxl lutwH tlirrtigli tlir niseirig iufirliirir'%, nf 
miiirlt tfirri* iirr it gmit. iiiitiiy fliffrrriil fiii*! riirli 

i’M ilrlivrrrrt In ii «*|iitriitr Itiiu llii* ItiiH iirr riirrfilliy 
lift iMillftlil nut} i%iiir:*4 willi rl«||t* iiiiil 

ti'invitWr wliif*}t {irnviilr fi*r tff 

riiliitrily. 

lii« ulittuks firr iiHUfilly iMiuglii in Ckf^pui nr iinriJirm 
("iilifiiriiiii, mil tlir art* iiiwilr in tlir liitMitiriil nf 

till* jiRrkiit|C“lMitit*e** I'liry iirit iriitiir rtl.lirr liy Iwitfl m 
hy mi aiitniiiiiiic* Iwi iiialiiiig iiiiirliitir, A Iwi 

of f'lilifiiriiiii h 12 by 12 liy 2il iiirlir^ miipiik 

It m in ifir itiiildlr by ii |ittrt.itifiii. 

Fiif imrimtwn of i*oiiijiiitiii|| fwglil rtinrgm it m r^lifi»l«l 
to m’rigli mlirii }iiirkril #2 famiiik* 

Chi flii? riiil Ilf riirli Imi h m imfmr laWI# twiially 

m th’iMtilor iiltifigrAfiii, .filiowitig |iirliiri* a|ifiriniriite 
III itir bmiifL Kiti4i jiarfeiiig*boi-i«? nr Im* m 

of briifiik mpyriglitwl fur itn iwii ti-^. In iiJiiilloii 
to thh flir liiie%l rfiialily fruit milti tlifiiiiili tin* CMi* 
fiiriiift Fruit Enefwiiir itn* aiitiilional 

“ ” lalml of llw Exrliaiigr, 'Oil? anil mm: 

Ilf llir fniit «iiii till* imitilwr m #ii tte 

tiiil fif rii*ti lane. Ibm» which to ikbli' to l» » 
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New Yc^rk State are ik»w nteneik^ti with the exaet ciiiiieii- 
sioas and eubiciil <»onteiitH a! the hi^x, 

Bex Hhec^kn art* made ef Biuafic* ('oiiHt pine exeltiHively. 
The HtandartI 8 slat oraiigt* hex ri*(|uirc*H athh b‘et iif 
himber and abetit ld| et*ntH delivi*red* Hie Htandiird 
lemon hex eentaiiiH | f<M»t iiKjre Itmilier and cm an 

average 15| cx*ntx. Tin* ehtaijwT gritfh^M <»f ItHMUe wrap- 
pers come from mills in Oregon and C alif«*rnia, while* the 
fine grades come from Ilamburg, X, .L The jiiiper is 
printcsl in I/>s Angeles from wide rolls on cyitiider presneH, 
The ecmt printed and d<*livered to the pitc*hing-liotiseH for 
tine IClXld, an avt*riige sr/e, is about 817, oU a hundred 
tboiisiind. A pound eimtainH afami 411 sheetH, Box 
labels are proc-ured from lithograph houses and art* usiiiiily 
done* ill five is^orn. They exist about SliMI per thoiiHiind. 
Sjaaiid cement exmted nails are used %vhk‘Ii exist in large 
lots about three* c*eritH a iHittud. fiox striipping 

cforneH from Xc*w Jersi*y cddefly in hollP foot reels amf c»osls 
ahoiit Sl.dli a thoiiMiiid feet. From 18 to 24 itiehes of 
striipping is used on eiieh laix. Most of the larger par*kiiig- 
houiii*s urn:* bevi'liiig miieliities for the ends iiiid piirtitions 
and box iiiiikiiig itiiiehiiies for pwltiiig the laixe^ Itigellier. 

Both wiiiiieri ittid men are employed ns jiiiekerH, wxttiieii 
being inimt largely tim?d. The rmjity tioi is jdiieed on a 
packing stiiiifl wliic^h rests on roIlf*rs ittid tins ii revol'virig 
top. llie hod liofiiiiig tkstie wrapping paper is pln«^I 
over cine einl of tlie laix* The fiaekers sliiiifi biedde tin* 
sizing biii»> and wmi|ipifig each fruit in {irtnli*ii fibm-irfM*iit 
tisiiie paper, pita? it in the tmic with gn*ttl dexterily find 
skill, tewafiiif alMiiit aixty taixen a ilny. The friiil ii 
plaeixl ifi the Imix in iti rt?ii|>e<!tive order of lirriiiigitiiefil 
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Citrus Fruits 



Fig. 110. Interior view of the Pioneer Fruit Company’s orange packing house at Lindsay, California. 
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areoFfliiig in t!ir sm* of fruit lian its own ordnr 

«»f arniiigoinrrit iiiici tin* sizi* is dasigiiatiMl in tlin house 
and on flu* inarkel not hy the diaiin^ter of orange, 
hut hy the niiiiiliiT required to fill a \mxJ 
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ber of different sizes and their location in the car is tacked 
on the inside wall near the door. 

The freight is figured on an estimated weight of 72 lb. 
to the box, and is $1.15 a hundred pounds to points on 
the Missouri River and eastward. Icing charges are 
extra. 

Precooling 

The term precooling properly applied relates to the 
reduction in the temperature of any given lot of fruit before 
it is dispatched on its journey to market, in contradistinc- 
tion to the usual method of reducing the temperature 
gradually in transit. It has been found by experiment 
that when warm fruit is loaded into cars with ice and 
started on its journey across the desert that before the 
fruit in the center of the boxes is thoroughly chilled, 
decay has set in. This decay is checked, but on unloading 
the fruit in the warm, humid climate of the East such 
decay spreads rapidly. With precooled fruit the decay 
has not been allowed to become so much advanced, and 
cars do not require such frequent re-icing. Precooling will 
not take the place of careful handling. 

Inasmuch as citrus fruits, when carefully handled, keep 
excellently for long periods at ordinary temperatures, 
precooling is not as valuable with them as it is with other 
more tender and quickly perishable fruits. Several 
packing associations have adopted the practice of sending 
their fruit to market under ventilation or without ice, 
but it requires great care in picking, handling, and packing 
to be able to do this successfully. 

The large precooling plants which chill a whole train 
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to the car. The fire hazard is high and losses are rather 
frequent. Most of the houses belong to a local mutual 
insurance association which prorates and assures the 
losses as they occur. 

There are at present about 200 packing-houses in active 
operation in California^ besides a large number of sheds 
and old houses which operate only at infrequent intervals. 
The capacity of the houses varies from one to twenty cars 
a day. 

The associations which are affiliated with the Exchange 
enjoy the privilege of buying ranch and packing-house 
supplies through the Pruit Growers’ Supply Co. This 
is a non-profit cooperative organization through which 
the growers pool their orders at low cost. , The Sup- 
ply Company has an authorized capital of one million 
dollars and in 1914 did a business of $3,319,062.04 at an 
operating expense to the members of f of one cent on 
each dollar of business transacted. 


CHAPTER XVI 


PICKING AND PACKING LEMONS 



The picking and packing of lemons differs radically 
from that of oranges as described in the previous chapter. 

Lemons are usu- 
ally picked from 
ten to twelve 
times a year, the 
heaviest pickings 
coming in March 
and April and 
the lightest in 
August and Sep- 
tember. It is a 
peculiar and un- 
fortunate fact 
that the heavy 
pickings come at 
a time of year 
when there is lit- 
tle demand for 
lemons and the 
lightest pickings 
come during the 
picnicand 
PiQ. H4. -Picking leimns. lemonade season, 
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when the demand is greatest. For this reason the proper 
storage of spring lemons becomes one of the important 
functions of the lemon packing-house. 

The following typical example of an actual yield of a Qu- 
aere mature lemon orchard of mixed Eurekas and Lisbons 
growing near Covina, Los Angeles County, gives a good 
comparison of the various pickings : 

Record of Ijemon Pickings. Season 1910-11 


Orchard of Mr, N. D. Mussey 


Pool 

Da.te 

Ltjg-boxes 

Pounds 

1 

Sept. 19 

76 

3,698 

2 

Get. 19 

60 

2 880 

3 

Nov. 17 

289 

13,852 

4 

Jan. 3 

520 1 

24,470 

5 

Fel). 1 

832 

39,415 

6 

Mar. 18 

1,122 

50,906 

7 

May 3 

1,120 

51,350 

8 

Ma7 30 

196 

9,268 

9 

July 21 

! 298 

14,224 

10 

Aug. 30 

52 

2,506 

Tota,l 

4,565 

212,560 


The method of picking lemons from the trees is much the 
same as with oranges except that the use of the ring and 
consequent searching about in the foliage among fruit of 
all sizes makes picking slower and naore expensive. Es- 
pecial care should be used to prevent dead twigs and oth er 
trash from falling into the picking sacks as the weight of 
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the lemons against such objects in handling will cause 
scratches in the skin. In some sections special pickling 
sacks with closed tops are used to prevent this. In this 
type of sack the fruit is introduced at the side near the 
top. 

For hauling to the packing-house the growers generally 
use a factory-made wooden wagon with steel skeins 



Fig. 1 15. — Two-story lemon pacMng house, Grlendoxa, CaJifomia. 


on which they place a wide flat rack usually about 8 feet 
wide and 14 feet long. The racks are made locally and 
are set on the gears over bolster springs. It is not un- 
common to see a string of three or more of these wagons 
hooked together and being drawn by the gas tractor 
which is used for cultivating the orchards. 

Lemons differ from oranges also in being valued for 
their add rather than for their sugar content. A green 
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lemon therefore is better than a yellow '' tree ripe one 
provided it is fully sized and mature. For these reasons 
lemons are picked altogether according to size rather than 
color. The pickers carry wire rings which are slipped over 
each lemon, and every fruit which fails to pass through the 
ring is picked. In summer a ring inches in diameter, 
inside measurement, is used; while in winter and spring 
a ring one-sixteenth of an inch larger is used, inasmuch 
as the fruit will be held longer and will undergo greater 
shrinkage. 

On account of the demands of the markets mentioned 
above, there is a tendency to pick often in summer, care- 
fully searching for every lemon which may be up to size. 
This fruit is quickly colored in the sweat-room and hurried 
to market while prices are high. 

SWEATING AUTUMN LEMONS 

The sweating of lemons is for the purpose of quickly 
changing the green color to a whitish yellow. While 
the practice of sweating oranges is sometimes abused, 
lemon sweating is always legitimate as it in no way de- 
ceives the buyer. In fact the mature but green lemon 
properly colored in the sweat-room and hurried to market 
is usually sourer, and therefore better, than the lemon 
which Las been kept in storage for several months and 
has consumed a small portion of the acid in the process 
of respiration. 

Tor best results, lemons should he fired intermittently. 
The air of the sweat-room should he kept saturated with 
moisture, and beads of water should be in evidence on 
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th0 ceiling at all times. If the air is allowed to become 
dry, the lemons will quickly shrivel. The temperature 
should be kept at 90 ° F. or ten degrees lower than for 
oranges. So far it has been impossible to fully color 
green lemons in five days and retain the buttons, as the 
same quality of the gas mixture -which changes the color 
causes the buttons to drop off. Inasmuch as sweated lem- 
ons are sold and consumed quickly, the loss of the buttons 
is not as serious a matter as w-ould otherwise be the case. 

STOEAGE OF WIOTER LEMONS 

In the late winter and spring when it becomes advisable 
to hold the fruit for summer markets, the problem of the 
lemon packer is very different from that of early fall. 
Instead of sw^eating the fruit and thus accelerating the life 
processes as much as possible, he now wishes to retard 
to the greatest possible degree these same life processes. 
The fruit is therefore picked with very great care in order 
to prevent abrasions. On arriving at the packing-house 
the lemons are carefully washed in a brush, washer. For 
disinfection against brown rot, one pound of bluestone is 
added to each lOOO gallons of wash water in the morning 
and one-half pound added to the same water at noon, the 
water being changed each morning. To prevent the 
bluestone from corroding metal tanks it is well to apply 
a thick coat of asphaltum paint to the inside of the tank. 

The lemons are now separated into three grades accord- 
ing to color alone, known as green, silver, and tree-ripe; 
the silver being those fruits which are just beginning to 
lose the deep ^reen color. Each of these grades is placed 
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loosely in packing boxes and stacked up, a car in each 
stack, on the storage floor. Lemons are often kept in this 
way six or even 
eight months, 
but the fruit 
picked after April 
1 is much shorter 
lived than that 
picked earlier. 

Lemons picked 
green will keep 
much longer than 
those allowed to 
turn yellow on 
the tree. These 
tree-ripes are 
kept separate and 
shipped first. 

Lemons will also 
keep much better 
near the coast 
than in the in- 
terior valleys, 
where much more 
expensive storage 
houses must be 
provided in order ^ 

, 1 i 1 — Lemon washing machine and sort- 

to control the ing table. 

humidity. The 

great problem is to give plenty, of ventilation in damp 
weather in order to prevent decay and to reduce the 
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ventilation, or -wntliliold it entirely in warm dry weather 
to prevent the fruit from losing moisture and shrivel- 
ing. The relative humidity of the air in the storage 
house should be held as near 80 per cent as possible, but 
this is very difficult to accomplish in interior valleys, 
where the humidity of the air varies from 90 per cent to as 
low as 10 per cent. In order to control the temperature 
and humidity each carload stack of lemons is inclosed in 
a heav^y duck tent. These tents are usually made of 8 oz. 
special army duck, and are 10' wide, 10' high, and 20' long. 
This size includes one carload of lemons. This tent is 
open at the bottom, and is open at the four corners, which, 
are laced so that any part of the fruit may have ventila- 
tion, without interfering with fruit that it is not necessary 
to ventilate. These tents are also built in other sizes, 
which is sometimes necessary to fit the space in a packing- 
house, but this is the size that is most generally used. 
The tent is hung from the ceiling on a frame, there being 
eyelets in the top to* fasten to frame. In some of the 
packing-houses in interior districts the tents have been 
abandoned and the fruit is stored in large basements, 
usually built of concrete, with outside shutters which 
provide for ventilation. 

Unless the lemons have been very carefully handled 
from the orchard to the packing-house, a great deal of 
decay is almost sure to develop in storage. Lemons are 
always handled more carefully than oranges and the brush 
washer is about the only piece of machinery they are 
allowed to pass through. On account of the absence of 
machinery, a lemon packing house presents a very different 
aspect from an orange packing house. 
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When the fruit is taken from storage it is graded by 
hand into fancy, choice, and standard, each grade being 
placed one layer deep in broad flat trays. Stacks of these 
trays of fruit are weighed and the proportion of the differ- 
ent grades credited to the grower of the fruit. All through 
washing, storing, and grading each grower’s fruit is accom- 
panied by a ticket attached to the guide box. When each 



Fig. 117. — Lemon curing tents in ipacking-house near the coast. 


of several hundred growers has four or five pickings in 
greens, silvers, and tree-ripes, all in storage at one time, 
the task of keeping account of each lot of fruit necessitates 
a well-organized system. In the packing-house lemon 
varieties are not kept separate, and the name of the variety 
is not stenciled on the end of the box as is customary with 
oranges. 

Lemon packers use the same packing stand that is 
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used for oranges, but instead of packing from bins contain- 
ing fruit all of one size, they pack from the trays, sizing the 
fruit by eye and hand, the range of sizes in each grade 
running from 210 to 540 per box. Lemons sizing 300 to 
360 to the box are in greatest demand on the markets. 
Southern markets preferring the smaller and Northern the 
larger sizes. In one or two of the newer lemon packing 
houses, sizing machines built especially for lemons have 



been installed. These are operated very slowly in order 
to avoid injury to the fruit. Most packers still regard 
sizing machines for lemons with suspicion. 

The standard lemon box has an outside measurement of 
11 by 14|; by 27 inches and is divided in the center by a 
partition. For the computation of freight charges a 
box of lemons is estimated to weigh 84 pounds. The 
standard car of lemons contains 312 boxes. 





Fig. 119. — Packiug lemons from sorting tray's. 
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Lemons 


Smu AvERAaE Diam- 

ETEK IN’ Inches 

210 2i 

240 2f 

270 

300 2| 

300 2| 

420 2i 

400 2 

540 11 


Lemons were formerly shipped under ventilation from 
November to March, and under ice the remainder of the 
year. Some shippers who have learned to handle their 
fruit with extreme care have abandoned ice altogether to 
"their great profit. In 1912-13 only 14 per cent of the 
lemons shipped were iced. The average haul to market is 
2283 miles, being 304 miles less than the average haul 
for oranges. This difference is accounted for by the fact 
that a larger proportion of California lemons are marketed 
west of the Missouri Liver, thus avoiding, to a certain 
extent, the sharp competition with Italian lemons through- 
out the Atlantic seaboard. 

The freight rate on lemons from California to New York, 
Chicago, and intermediate points has been fixed at $1.00 
per hundredweight after a long and expensive contest in 
the courts, the lemon growers finally winning their con- 
tention. 

PICKING POMELOS AND TANOEEINES 

Pomelos are picked from the middle of December to the 
following August and many growers keep some fruit for 
home use on the trees the year round. The total ship- 
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ment of pomelos from California, is not large, being about 
200 cars per year. Ordinarily the fruit is stored in lug- 
boxes for a few days until the rind becomes soft and 
pliable. A.fter this the fruit is packed in orange boxes 
and handled like oranges. Pomelos improve somewhat 
in flavor with storage and proper curing, and for best 
results, this fniit should be very carefully picked in 
. February or March and held in storage precisely as are 
lemons until May, June, and July. 

POMlIiOS 


Size Diam- 

BTEB IN Inches 

64 3f 

80 

96 3f 

126 3i 

150 3 


Large quantities of pomelos are grown in Florida, Cuba, 
Porto Rico, and the Isle of Pines, and these dominate 
the markets of the eastern United States. California 
pomelos are marketed mostly within the state and to 
some extent in the intermountain country and the Pacific 
Northwest. Only a few are sold in New York. On 
account of the state quarantine, Eastern pomelos cannot 
be brought into California for sale. At present a large 
portion of the California pomelos found on the markets 
are poor in quality. This is due to the fact that but little 
attention has been paid to pomelos and most growers 
tend to treat them in every respect like oranges. That 
the climatic and soil conditions in some parts of California 
are well suited for the production of a first-class pomelo 
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is evideBced by the fact that a few skillful growers market 
their fruit in New York at very remunerative prices in 
competition with Eastern fruit. 

Tangerines are the only variety of mandarin orange 
grown to any extent in California. They are picked, 
packed, and shipped in much the same fashion as oranges 
except that, being a fancy fruit and in limited demand, 
tliey are not shipped in car lots. It is cnstomary to 
market tangerines gradually, including a dozen boxes or 
half-boxes in a car of oranges. 



Fig. 120. — Lemon packinghouse. Compare with Lig. 113. 


PACKING-HOUSES 

There are hardly two packing-houses in California which 
have the same capacity, arrangement, or equipment. In 
general the orange house is small and is equipped with 
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I’lG. 121. — Typical lemon box label. 

Cleanliness is very important. No decaying fruit 
should be allowed in the house, as the spores given off 
tend to increase the amount of decay. All culls should 
be conveyed by belt from the grading table to some bin 
or outhouse entirely separate from the main packing- 
house and situated to leeward of it. 


great deal of machinery, while the lemon house is large 
and contains but little machinery. The fruit is received 
at one end from wagon scales and moves gradually through 
the house as it is washed, graded, sized, packed, and so on, 
until the packed boxes are loaded on the cars at the oppo- 
site end. Various types of mechanical conveyors are em- 
ployed to save labor in handlingthefruit and packed boxes. 
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The comfort of employees should be provided for by 
rest rooms and lunch rooms. The main packing floor 
should be well lighted by glass skylights, for it has been 
found that the eflScieney, comfort, and spirit of the em- 
ployees are greatly improved by clean, airy, and well 
lighted work-rooms. 


Fig. 122. — Combination box label. 

Some packing associations confine their work to packing 
and shipping, while others take charge of all picking, 
pruning, and in some cases fumigating of the . poves. 
In packing lemons, especially, it is a good plan for the 
packing-house manager to control the picking. The San 
Dimas Lemon Association, for instance, keeps account 
of the fruit picked by each crew of pickers, and. as this 
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uit comes out of storage and is sorted over a careful 
icount is kept of the percentage of each kind of decay, 
i this way a check is kept on the pickers, and if decay 
le to careless handling occurs it may be traced back and 
e blame placed where it belongs- Each foreman of 
kicking crew knowing that he is responsible for any decay 
lich may develop in his lemons takes pains to instruct 
5 men in the best methods of handling the fruit. At the 
d of each season a substantial prize is awarded the 
iking crew in whose fruit the least amount of decay 
s developed. 

Pickers are drawn from many nationalities. Americans 
eive about $2 a day, while Japanese and Hindus are 
d twenty cents an hour. A responsible picking 
eman of considerable experience in handling lemons and 
n may receive $75 or more a month aside from a 
riable bonus at the end of the season. 


CHAPTER XVII 


BLEMISHES OF TEE FRUIT AND THEIR 
PREVENTION 

k LARGE increase in the production of citrus fruits 
will mean, if it means anything, a teener competition 
in the markets. In order to meet this increased competi- 
tion, California growlers and packers are being encouraged 
to adopt higher ideals in grading and packing. With 
more rigid grading the cull-heaps near many of the 
packing-houses assume large proportions. A conserva- 
tive estimate places the direct loss from cull oranges 
alone, aside from frozen fruit, in excess of a half -million 
dollars a year. 

It is w^ell worth while, therefore, to make a study of the 
cull-heap, classifying and determining the relative im- 
portance of the various blemishes which cause oranges 
to be thrown into a lower grade or into the cull-heap. We 
will also consider how far it is practicable and by what 
means the proportion of culls to packed fruit may be 
r^uced. 

The blemishes of citrus fruits may he classified according 
to their causes. For convenience we may group them 
under four heads, namely: insect, fungus, mechanical, 
and physiological blemishes. 
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As a result of counts of Navel culls made in twelve 
packing-houses during January and February, 1910 and 
191 Ij it appears that on the average, the most prolific 
causes of culls are as follows, according to tlieir impor- 
tance : splits, bruises, thorn stabs, thrips scars, sunburns, 
and worm holes. These six kinds of blemishes are re- 
sponsible for upwards of seventy-five per cent of the 
culls. These counts, however, did not take into consid- 
eration the brown spot which usually does not develop 
until the fruit has left the packing-house. 

INSECT BLEMISHES 

Insect pests and their control will be discussed rather 
fully in Chapter XXII and it is only necessary here to 
name those blemishes of the fruit which are due to insects. 
They are : thrips scars ; tortrix worm holes ; scale insects 
such as red, yellow, purple, and the sooty mold which 
follows and grows upon the excretions of the black, gray, 
and brown scales ; mealy bugs ; red spiders ; silver mites ; 
grasshoppers ; katydids ; and some others. 

The presence of a few scale insects on fruit intended 
for some markets in the East need not condemn it, but. 
there are other markets, such as certain ones in British 
Columbia, where inspectors condemn all scaly fruit even 
though citrus fruits be not grown in the region. 

FUNGUS BLEMISHES 

The fungi which produce injury to the fruit are : brown 
rot, Pythiacystis dtrophthora; blue mold, Penicillium 
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ifaiituni: moM^ Pen iciUium digiiatuyn; gray mold, 

Bidrgfw cinerea; sooty mold, Meliola camellia; cottony 
mold Sdeniinia libertiana ; gray scurf, fungus not as 
yet identified ; wither-tip, CoUctotrichum glaosporioides ; 
iilack rot of the Navel, Alternaria citri; and stem-end 
sfXJt, Cladmimrimn sp. (secondary). 

!^Iost of the fungus diseases which cause blemishes on 
the fmit result in complete loss. The nature of these 
di^mses, together with control measures, will be discussed 
in detail in Chapter XXL 

The fungus causing gray scurf or scab on lemons has 
not as yet been identified. The fungus apparently acts as 
a sewndary’ agent ; the primary cause is probably the 
slight hniising of the young tender fruit by the wind. 
Tlie bc^st remedy for this trouble is the growing of 
wndshields and close planting of the lemon trees. By 
prc)|,>er pruning also the branches may be made stiffen 
and more resistant to the swaying and whipping effect 
of the wind. 

The stem-end spot of oranges is a very different thing 
from stem-end rot, and occurs mostly^ on Navels and 
on fruit which has hung late on the trees. It consists 
ol a breaMiig dowm, browning, and shrinking of the skin 
in certain small spots near the stem. Ordinarily this 
«us« little injury^ but occasionally during rainy weather 
a of Cledmporium grows on the dead tissue of 

spots, giving them a black color which detracts 
very^ much from the appearance of the fruit. The only 
renmiy at pr»ent available for this trouble is to pick 
tiie fniit early in tho^ orchards where the trouble becomes 
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MECHAIS’ICAL BLEMISHES 

Much otherwise good fruit is ruined by carelessly in- 
juring the fruit mechanically. Growers and packing-house 
men rarely realize how serious are the losses resulting 
from such causes. 

Bruises. — P>uit which is bruised by careless handling 
is almost sure to decay. Careful handling should be the 
cardinal principle of every picker and packer. When a . 
stack of boxes of fruit is accidentally overturned in the 
packing-house, the fruit should be set aside for ten days 
and then sorted over, the decaying fruit being eliminated. ^ 

Thorn stabs. — Much fruit is ruined by thorns. In wet 
weather such thorn-pricked fruit decays, but in dry 
weather the broken skin may cauterize and result in a spot. 
Sometimes a fruit continually swinging against a thorn 
will develop a thick horny rind at that point, which ruins 
its appearance. Thornless varieties, careful pruning, and 
windbreaks are the remedies. 

Cultivator scars. — Cultivators and other tillage im- 
plements should he covered by a smooth tin shield which 
will allow low-hanging fruit to slide over them without 
injury. Metal projections on harness are also objection- 
able. When it is necessary to cultivate close up under 
the trees a great deal of fruit will be ruined unless pro- 
tected by some sort of shield attached to the implements. 

Clipper outs . — When the use of pointed clippers was 
in vogue the loss from clipper cuts was very great. Now, 
however, round pointed clippers are used, and there is no 
excuse for clipper-cutting the fruit. 

Stem punctures, — When the steins are not properly 
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cut off square and close, they puncture a great deal of 
fniit in the !x)x, and as they pass through the packing- 
house machine^ry. A close watch kept on the pickers 

should prevent this. 

Machine injuries. — Some years ago a certain packing-, 
house foreman complained of excessive decay which could 
not he explained. Finally one of the employees dis- 
covered a loose screw in one of the guide bars of the 
brushing machine hopper. The sharp head projected an 
eighth of an inch and made a little nick in every orange 
which rolled by. Passing over the brushes each nick 
was thoroughly inoculated with decay germs. The guilty 
screw head was driven home, after which the decay in 
transit drcipped from 35 per cent to 4 per cent. The 

remedy for this is to 
keep a close watch 
for screw heads or 
splinters on all ma- 
chinery and for pro- 
jecting nails in field 
boxes. 

Fumigation scars, — 
Oftentimes fruit is 
pitted and burned by 
carelessly overdosing 
trees with gas during 
fumigation. Pumiga- 
tors should be held re- 
sponsible for such in- 
fur}^. Occasionally, however, it happens that a sudden 
diange in the weather or condition of the atmosphere 



Fig. 123. — Fumi^tion scars. 
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will result in wholesale pitting of fruit even with the same 
dosage which was harmless a few hours earlier. No 
remedy has been found for this difficulty, and fumigators 
are not to blame. Fortunately such occurrences are rare. 

Shoulder spots, — Where two oranges grow touching 
each other the point of contact is often shown by a light 
colored area with a reddish spot in the center. Such 
spots are not very serious and cannot be remedied unless 
the fruit be thinned. Thinning citrus fruits has never 
been practiced in California. 

Hail scars. — Hail storms are of rare occurrence in the 
citrus districts. When they do occur they pit the fruit. 
If the hail is followed by dry weather, most of the pits will 
dry and little injury will result. In wet weather, however, 
some fruit will de- 
cay on the tree 
with blue or green 
mold, while in some 
cases a species of 
Cladosporium will 
grow on the pits and 
turn them black in 
color. 

Soil scars . — Where 
heavy crops of fruit 
bend the branches 
down much fruit often 
rests on the ground. 

When the wind moves 
the branches the rubbing of the fruit on the ground 
causes a gray callous spot which ruins its appearance. 



Tig. 124. — Scar caused by rubbing on the 
ground. 
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— (\x*asif)iially strong winds wdll whip a 
large part of t!ie«)range crop from the trees, as was the case 
in Sepmnhet. 1911 . It is rarely safe to send a windfall 
to the I'Mii'king-hoiise, as it is very apt to develop decay. . 

dud. — ■ III certain localities the fruit is coated 
on tilt* upper side with a crust of cement dust which comes 
from iiear4)\’ clement mills. This dust collects in the 
|Mres of oKiiige skin and sets, being very difficult to 
remove. It injures the appearance and reduces the grade, 

PHYSIOLOGICAL BLEMISHES 

This class of blemishes is not only large and the losses 
serious but the causes are as a rule not well understood. 
The total number of troubles of this kind is very large 
and new ones are c*ontinually appearing. Only the most 
iin|K)rtant will be mentioned here. 

Sunburn, — Both oranges and lemons which hang fully 
exfiosed to the sun are often injured. The exposed side 
bm>mes dwarfed in growth, resulting in malformation, 
and the skin of oranges becomes thick and pale colored 
and adheres tightly to the flesh. In interior valleys where 
the sun is veiy^ hot the skin may die and a hard black spot 
result. In such situations the trees should be pruned in 
such a way as to encourage the production of inside fruit, 
which is alw’ays much finer in appearance. Lemons are 
often noticed in the markets which are lop-sided, the dis- 
tance from stem to apex being greater on one side than the 
other. This is caused by slight sunburn and is a sure 
sigii that the lemon grew in an exposed position on the 
ti^, Tliere is a curing house trouble of lemons known as 
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red rot, or, more properly, red blotch, which develops as 
a rusty brown color, gradually drying down into a sunken 
condition with a dark red or black color. This has been 
attributed to sunburn, as it is most common in lemons 
from exposed parts of the trees. 

Frost — The losses from frost are of course very large, 
but many fruits are only slightly frosted, and while they 
should be packed under a frost label they are good for 
consumption. Oranges usually exhibit no outward signs 
of frost unless severely frozen. Occasionally, however, 
certain oranges, especially those having more or less thick 
skins and growing low down on the north side of the tree 
will show a number of characteristic brownish spots on the 
exposed side even though but slightly frosted. 

Off-bloom, — Occasionally orange and pomelo trees will 
blossom out of their regular season. The cause of this 
is not always apparent, although it is often dup to irregu- 
larities in irrigation. Pruits developing from olf-blooms 
are usually malformed and inferior. Navel off-blooms 
produce fruits with sunken instead of protruding navels. 
Pomelo off-blooms produce fruits which are distinctly 
pear-shaped as compared with the regular crop. Regu- 
larity and thoroughness of irrigation and cultivation will 
reduce the amount of off-bloom fruit to a negligible 
quantity. 

Mottled-leaf, — This disease is not at present well 
understood. It results in the production of very small 
oranges and lemons of a whitish color, often quite unfit 
for packing. (See Chapter XXI.) 

Exanthema, — This trouble appears on the fruit as dark 
reddish blotches or crusts. In severe cases the fruit is 
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dwarfed in growth and cracks open on the trees- (See 

Chapter XXL) 

Miiiformaiion , — Many kinds of malformations are 
£?t}mnioii. They may be di\ided into two classes : those 
due to sporting such as corrugations and color stripes of 
the rind, bottled-necked fruits, and -^others, which maybe 
remedied by pruning out all of the sporting branches ; 
and those due to an excess of food and teratological factors. 
Many Navel oranges, especially those borne on the top- 
most branches, exhibit a double or proliferated navel. 
Often this takes the form of a small secondary orange 
superim|K)sed upon the navel. These are very common 
and are always thrown into the cull-heap because the 
small orange w^ould have to be broken of! before packing 
and this would result in decay. Often twin oranges 
partly attached are met with w^hich are discarded for the 
same reason. The fruit borne near the large upright 
central branches often has coarse, grooved skin about the 
stem. Tliis is caused apparently by the superabundance 
of food and may be largely prevented by proper pruning. 

Broum .fpd. — The brown spot of the Navel orange may 
be described as occurring irregularly over the surface of 
the orange. From one to fifty or more spots may develop 
on a single fruit. The spots vary in size from a mere 
|x>iiit to one inch in diameter, averaging about one-fourth 
inch. 

TTiis brown spot occurs only on the Navel oranges, and 
is uniformly worse on fancy, smooth, thin-skinned fruit. 
The total money loss from this particular spot is very 
large. For further particulars see Chapter XXL 

Cracks and splits. — Cracks differ from splits in being 




Fig. 125. — Orange splits. Side splits above and navel -end splits below. 

side splits and navel splits. Side splits are caused 
by teratological cavities or seams in the skin. Thus 
weakened the skin is unable to withstand the growth 
pressure, and a split results. 

A Navel orange which is split even a fourth of an inch at 
the navel must not be packed for long distance shipment, for 
such an opening is almost sure to be inoculated with decay. 
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transverse rather than longitudinal openings in the rind 
of the orange. They are of rare occurrence and their 
cause is unknown. Splits, on the other hand, are very 
common and cause heavy losses, especially with Navel 
oranges in interior valleys. Splits are ’of two kinds : 
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All siieli oranges must be graded oat but may often be sold 
U I'^xldlers for enough to pay for picking and hauling. 
Tlie most eommoii theory in regard to the cause of splits 
is that an irregular water supply, causing wide variations 
in tfie moisture content of the soil, produces a greater 
iiictiiatioii in the growth of the interior than in the skin 
of the orange. Such a theory^ is quite reasonable, but such 
a caUvSC‘ should f>e regarded as contributory only, inasmuch 

as only a part of the 
fruit on any given tree 
will split. If a number 
of navel-split oranges are 
cut in longitudinal sec- 
tions, it will be found, 
almost without excep- 
tion, that the thickness 
of the rind varies, being 
quite thick and often 
creased at the stem end, 
and as thin as paper near 
the navel. Specimens 
with uniform thickness 
of skin very rarely split. 
Hot, dry spells of weather 
altemating with damp cloudy weather, together with careless 
irrigation, cause a high percentage of splits among this class 
of oranges. While much may be done toward overcoming 
this !o^ by careful irrigation and cultivation, the most 
important remedy is probably the propagation of trees 
from carefully selected bud-wood. By this means we 
rmy largely efiminate from our future orchards the im- 



dMereat from splits. 
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desirable types which are so prone to split during un- 



favorable weather. 

Puffing, — When oranges are left too long on the trees, 
they will often become puffy. The rind becomes weak, 
with many cross creases and much unevenness. Finally 
the whole orange 
becomes soft and 
structureless. The 
walls of the juice 
vesicles become much 
thickened and the 
juice partly disap- 
pears, leaving the 
fruit dry, crumbly, 
and insipid. The 
remedy for this 
trouble is to pick the 
fruit earlier in those 
localities where puff- 
ing is serious. 

Peteca , — This 
trouble appears in 
the form of deep 
sunken pits in the 
rind of lemons after they have been in the curing house 
for some time. The tissue at these spots is found to 
be dried and shrunken prematurely, somewhat after the 
fashion of the brown spot of the Navel orange. The 
cause of peteca is not known. 

Dry center of lemon, — A peculiar trouble which has be- 
come quite general in recent years. The vesicles collapse 


Fig. 127. — Peteca of lemon. 
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in ^rrnjps, turn brown, and dry up. Injury is _ always 
near the blossom end and is often accompanied 
In' geriiii nation of the seeds while still within the fruit. 
Ill ad%''aoml eases the interior of the lemon may become 
fiilc'ti witli a mass of rtx)ts from the seeds. While this 
trouble results in a loss of juice, the housewife w^ho cuts 
the leiiioiLs through the c*enter is not apt to discover their 
inferi«>rity as there is little surface indication of dry center, 
lo many ways this trouble resembles bitterpit of the 
ipple. At present ’"neither the cause nor a remedy is 
known. 


CHAPTER XVIII 


BY-PRODUCTS 

Until very recently it has been the custom in California 
to haul the cull fruits from the packing-houses and dump 
them in waste places. A very few growers returned the 
culls to the orchards and plowed them into the soil for 
the sake of their humus value and the small amount of 
plant-food they contain. But the bulk of the culls have 
been thrown away, and when we consider the enormous 
waste resulting from this practice the question arises as to 
whether a part at least of this large tonnage of fruit may 
not be profitably converted into valuable by-products. 

That citrus by-products are in strong demand in the 
United States is proved by our annual importation of 
these items from abroad. The imports of the year 1909 
are fairly typical of other years and are given on page 
332. The values given are the appraised wholesale values 
at the port of export and would be considerably higher 
if appraised in this country. 

At the present time nearly all citrus by-products are 
produced in Europe, while small amounts come from 
Paraguay, China, and California. 

The chief reason why citrus by-products have not been 
more largely produced in the United States is that the 

331 


dims Fruits 


a:'tet ii iiiht>r is from three to five times greater than in the 
ritriis prmhieiiig regions of Europe. At present, however, 
tliefe is ii widespread interest in this subject in California. 
Several siiiiiil factories are alreadyin operation, and several 

iiiiire iire in procijss of construction. 


InpofiTATios" OF Citrus By-products intto the United 
States foe the Year ending June 30, 1909 



Q UANTTITT 

Valve 

Citric a4:*id — !b 

243,010 

$74,209 

Citrat** of lime — lb 

3,917,274 

489,031 

Iim«\ and sour orange juice 


81,386 

Orange and lemon j>eei not candied, 
|r€«er\’'e(i, or dried 


4,833 

Citnia or citron pinJ, candied or dried ; 
— II) i 

991,341 

79,519 

Citrc,iri pre8er\’ed in brine — lb. . . i 

4,075,835 

100,224 

Orange and lernoii peel, preserved, 
CMiclitMi, or dritMj — lb 

436,129 

20,692 

Oil of bc-Tgainot ■ — lb 

89,957 

281,211 

Lemon oil — Ib 

405,695 

358,197 

Uiiie oil — lb 

21,991 

9,973 

Oil t)f neroli or orange flower — lb. 

23,184 

170,342 

Orange oil -—lb 

87,591 

151,860 

Total 


$1,821,477 


In Europe the citrus by-product industry is largely 
centered on the Island of Sicily and in Calabria. In 
the* districts the two chief products are citric acid and 
lemon oil. About one-third of the total lemon crop of 
tWs region is consumed in the manufacture of citrate of 
lime, and from the peel of these same lemons comes the 
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enormous quantity of essential oil, or essence of lemon, 
which furnishes practically the world’s supply. 

COMMEECIAL BY-PEODUCTS 

For convenience those by-products at present manu- 
factured on a commercial scale will be grouped separately 
from a number of domestic recipes which are included. 
Several of the products described under domestic recipes 
may of course be produced on a commercial scale, should 
the demand warrant. 

Citric acid. — Citric acid is manufactured from the juice 
of the lemon chiefly, although lime juice is used to some 
extent. The peel is first removed and used for the pro- 
duction of lemon and lime oil which will be described later. 
The lemons are halved and the pulp scooped out with a 
sharp spoon. The pulp is then passed through toothed 
cylinders which shred it, and the juice is extracted from 
the mass by a high power press. The crude juice con- 
tains water in abundance, citric acid, malic acid, several 
kinds of sugar, albuminoids, and mucilage. The crude 
juice is filtered, placed in boilers, and heated nearly to the 
boiling point. Finely powdered chalk, mixed to a cream 
in water, is slowly added, while the hot liquid is being 
constantly stirred. The chalk or carbonate of lime 
unites with the citric acid, forming calcium citrate, which 
is insoluble and precipitates from the juice as a white 
powder, which is collected, washed, and dried into cakes. 
Great care is used to add just enough chalk to take up 
the citric acid as shown by litmus tests. As citric acid 
must pay a duty of seven cents a pound on entering the 
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Uiiitc^i States and citrate of lime is free, most of the Italian 
procliict is shipptsci to this country as citrate of lime, and 
the final step in the process is completed in this coantry. 
This final step c*onsists in treating the citrate with dilute 
sulphuric acid, which forms sulphate of lime and leaves 
citric acid in solution. This solution is evaporated in. 
leaden k>ilers until the pure citric acid crystallizes out, 
and is washed and dried. Citrate of lime contains about 
t>5 per cent of citric acid. 

I^rmjn oil, orange oil, bergciniot oil, and lime oil, — The 
peel of all citrus fruits is thickly dotted with small glands 
peldiiig an essential or highly volatile oil. The oils 
from the different kinds of citrus differ considerably in 
their characteristics. These oils are in great demand 
for flavoring extracts and perfumery, and the demand 
for the different kinds is in the order given. Of these, 
lemon, oil is used in much the largest quantities. Any 
l^rson may easily demonstrate the presence of this vola- 
tile oil by squeezing a piece of fresh peel in such a way 
as to cause the oil to spurt out into the flame of a lighted 
match. It will bum with a flash, showing its high vola- 
tility. 

The major part of the oils now on the market come from 
Sicily and Calabria. The contrivances for extracting the 
oil are vtry crude, much hand labor being necessary. 
As before stated, the fact that labor in Italy costs only 
one-third as much as in California is the chief reason why 
CftHfornia has not produced a larger amount of citrus oils. 

After the pulp has been removed from the halved lemons 
and pressed for citrate, the peels are soaked in cold water 
tor a few hours to increase the tur^dity of the cellk They 
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are then taken by men who press out tie oil entirely by 
hand. The pressers sit on low stools with a small lipped 
bowl between their feet. Across the top of the bowl 
rests a strong notched stick which supports a large sponge. 
Each half lemon is placed against the sponge and given 
three or four sharp squeezes, using almost the entire weight 
of the body. The oil spurting out of the peel is caught by 
the sponge and drips through it into the bowl below. 
From time to time the bowl is raised and the oil is blown 
off by the breath, into a graduated glass receptacle, the 
lip retaining the small amount of water and residue. 
After the oil is filtered through a paper filter it is ready for 
market. In Calabria a crude machine is used in which is 
a bowl lined with sharp metal points. The fruit is placed 
whole in this howl and revolved, the points puncturing 
the peel, from which the oil drips through an opening in 
the bottom of the bowl. This device is called an ecuelle, 
and is used chiefly in the making of bergamot oil, for the 
reason that bergamot oranges are round in shape and 
revolve to better advantage in the machine. 

Some few operators lacerate the rinds of lemons or 
oranges and distill the oil, but the use of this method 
results in water white oil of very inferior grade. 

A large amount of oil of limes is made in the West 
Indies. The oil is extracted from whole fruit by hand 
in ecuelle pans, the pulp being later pressed and the juice 
concentrated by evaporation and sold as lime juice to be 
used as a drink. 

Unfermenied orange juice. — A very palatable and 
attractive beverage can be made from oranges. The 
chief difficulty is the mechanical one of rapidly and eco- 
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separating the juice from the solid parts of the 
fruit » The jiiicx^ can easily be made perfectly and per- 
iiiaiieiitly clear by settling and filtration. Sulfurous acid 
in very small aiiioiiiits (4 ounces potassium metabisulfite 
tci no gallons of juice, an amount well below the limit 
by law) is necessary to prevent fermentation and 
the |in)diiction of a bitter taste during settling. The 
ckmrai jiiic^ keeps {>erfectly after bottling if pasteurized 
at ISIf F., which does not injure the flavor perceptibly, 
(hxxl oranges will yield over 130 gallons per ton ; frozen 
oranges a much less amount.’’ ^ 

Orange oil, for which there is a good demand, may be 
extracted from the skins of the oranges used in the manu- 
facture of juice. 

Orange finegar, — A good quality of vinegar may be 
mamifacturcd from the juice of cull oranges which are 
m’ell matured and have a total sugar content of 10 per 
ctmt or more. Criiess - has shown that orange juice con- 
taining 1 1 per wnt will, on fermentation, give about 5.5 per 
cent of alcohol, and that this on conversion into acetic 
add will yield al>out 5.5 per cent of acid, which is consid- 
erably over the legal limit of 4 per cent of acetic acid. 

Inasmuch as many samples of orange juice may be 
expects! to contain 9 per cent or less of total sugars, it is 
apparent that the resulting vinegar will closely approach 
cir even fall below the legal limit unless considerable care 
u»d in the selection of the raw material as well as in 
the fermentation process - 

F, Cruess, ‘'"Utilimtion of Wastfe Orange,” Calif. 
Ixp. Sta., Bull. No. 244, 1914. 
p, 164 . 
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OvciTige wine. — Most of the so-called orange wines found 
on the markets are made from orange juice flavored with 
orange oil, fortified the addition of alcohol or brandy, 
and sweetened by the addition of sugar or sirup. Such, 
liquids, of course, have no right to be called orange wine. 

An agreeable pure orange vine can be made by the use 
of proper methods. Such methods consist in defecating 
the fresh juice after the addition of moderate amounts of 
potassium metahisulfite to prevent fermentation for a 
short time, fermenting the clear juice with pure yeast, 
and filtering the finished wine to clear it. This cleared 
wine may be turned into sparkling orange wine by the 
addition of a small amount of sugar and by subsequent 
fermentation in bottles.’’ ^ 

Candied citron, — Most of the citron consumed in the 
United States comes from the Mediterranean region and 
especially from the Island of Corsica. The chief reason 
why citron is not more largely produced in California is 
the difference iuthe cost of labor. Citron is admitted to 
the United States from Corsica duty free when it is shipped 
pickled in brine or ordinary sea water. Practically all 
imported citron is candied in this country. There is one 
firm now engaged in the growing and processing of citron, 
near Riverside, California. 

The fruit as it first begins to assume a bright yellow color 
is picked and placed in brine for a month or longer, the 
brine being renewed occasionally. Sometimes tender 
young leaves of the citron tree are soaked with the fruit 
to deepen the green color. The fruit is then boiled in 
fresh water to remove the salt and soften it. It is then 
1 I hid., p. 170. 
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halved, the pulp and seed scooped out, and immersed in 
cold fresh water to intensify the greenish color. After 
this it is covered with hot sugar sirup and allowed to 
stand three or four weeks, during which time the strength 
of the sirup is gradually increased. The fruit is then 
put into boilers with crystallized sugar sirup and cooked ; 
then allowed to cool, more sugar is added, and it is cooked 
again until it will take up no more sugar. It is then dried 
and packed in wooden boxes, each piece being coated with 
white sugar crystals and wrapped in tissue paper. 

OH of nerolL — This product is made chiefly in the vicin- 
ity of Grasse in the French Riviera. Neroli is made by 
distilling the flowers of the bitter or bigarade orange, 
known in California as sour-stock. Both oil and water 
pass through the still ; and as they condense the oil col- 
lects on the surface, is skimmed off, and sells for a very high 
price (from $20 to $50 a pound). Three hundred pounds 
of flowers are required to make one pound of neroli. The 
water which distills over absorbs some perfume from the 
oil and is sold as eau de fleur F oranges, bringing about 
twenty-five cents a gallon. 

Petit grain oil. — This oil is used in perfumery and is 
prepared by distilling the young and tender leaves and 
shoots of both bitter and sweet oranges. It sells for from 
two to five dollars a pound. A large part of the petit 
grain oil now comes from Paraguay, where orange trees 
have run wild and occur in forests over a large area. 

Tincture of orange flowers. — This is a perfume which 
is prepared by steeping the fresh flowers in alcohol xmtil 
all the perfume has been absorbed by the alcohol. 

Essence of orange flowers. — This perfume is produced 
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in large quantities in Europe and imported into this 
country. Apparently there is no reason, except the high 
cost of labor, to account for the lack of production in the 
United States. As orange trees produce many times the 
number of flowers that are needed for setting a crop, and 
most of them fall off normally, the preparation of essence 
need not hinder fruit bearing. The making of the per- 
fume is a simple matter, and the preparation of a small 
supply for home use might furnish a pleasing pastime for 
young people living among orange groves. In the early 
morning orange blossoms are collected as soon as the petals 
begin to fall, by shaking the tree over a sheet spread on the 
ground. A tree yields from two to ten pounds of flowers. 
The perfume is generally extracted by enfleurage. Shal- 
low trays containing layers of fresh blossoms are slipped 
into the grooved sides of a large air tight box. The box 
is filled with trays, but between each two trays is inserted 
a sheet of wire gauze or linen holding a thin layer of wax 
or mixed grease. The odor of the flowers is absorbed by 
the grease, the flowers being replaced by fresh ones every 
morning for a month, when the grease, or pomade ” as it 
is called, is collected and treated with alcohol for a month. 
The odor leaves the grease and passes to the alcohol, 
which is then known as essence of orange flowers. 

Dried and candied 'peel. — Both orange and lemon peel 
are in good demand, both candied and dried. When dried, 
the peel is simply removed from the pulp, cut into thin 
shreds, and dried in the sun. When candied, the process 
is very similar to that used for citron, and the orange and 
lemon peels are not shredded, hut left in halves. 

Lime juice. — Large quantities of limes are grown on the 
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islands of the West Indies. The green limes are harvested 
and shipped to market in barrels, turning yellow on the way. 
The ripe fruit which falls to the ground is gathered up and 
converted into several different by-products, such as citric 
acid, lime oil, and lime juice. In making raw lime juice 
which is to be used as a beverage, only clean, sound fruit 
is used. The juice is expressed by passing the fruit be- 
tween heavy granite rollers. The juice is allowed to stand 
imtil the mucilage or albuminous matter is thrown down, 
after which it is filtered and bottled. If the fruit used 
is clean and sound, the raw juice should keep without 
any preservative being added. Lime juice cordial is made 
by mixing the raw juice with various brandies and other 
ingredients. 

Orange 'paste. — A large amount of orange paste is used 
by confectioners. It is made by grinding and macerating 
fresh orange peels, and after the addition of an equal 
weight of sugar evaporating down into hard cakes which 
are broken up and packed in wooden buckets. This or- 
ange paste is one of the few citrus by-products which is 
already being manufactured in California. 

Crystallized baby oranges. — The small green oranges 
which drop from the trees during June and known as the 
^^June drop ” may be gathered and made into a pleasing 
confection known as crystallized baby oranges. Fruits 
between one-half and one inch in diameter are best and 
should be gathered frequently and not allowed to wilt on 
the ground. The fruits are placed in brine, gradually in- 
creasing the strength until fermentation is prevented. 
They may remain in brine indefinitely, provided the brine 
is changed occasionally. When ready for processing, the 
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fruits are boiled in several changes of fresh water until 
free from salt, and tender, after which a hot weak sugar 
sirup is poured over them. This solution is replaced by 
one more dense each day until the fruits will take up no 
more sugar. They are then dried and dipped in a very 
thick sugar solution and allowed to cool slowly when the 
sugar will crystallize out over the surface. The fruit is 
now ready for packing. 

Glaced kumquafs. — Chinese and Japanese prepare a 
quantity of glaced kumquats, a certain amount of which 
is shipped into this country. The fruits are picked when 
ripe and several slits made in the sides. Sometimes the 
seeds are squeezed out through the slits, sometimes not. 
The fruit is boiled until tender and then carried gradually 
through a series of sugar solutions of increasing density 
until they will take up no more. They are then dried and 
dipped in a very heavy hot sirup and quickly dried. In- 
stead of crystallizing the sugar will glac6 over the surface. 

DOMESTIC RECIPES 

In addition to the foregoing there are a large number of 
pleasing preserves, marmalades, and other preparations 
which may be made to advantage in the home kitchen. 
Some of these, such as Dundee marmalade, are manu- 
factured in quantity and shipped to distant markets. 
While it is deemed inadvisable to give a very large num- 
ber of home receipts, still a few of the more important 
ones may prove of interest and value. 

Orange or lemon jelly. — Slice fruit thinly, rind and all, 
place in double boiler with cover, and boil slowly for 20 
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minutes without stirring. Press out juice and filter 
through several thicknesses of muslin. Add a little more 
than an equal volume of sugar. Boil on slow fire three 
minutes and pour into jelly glasses while hot. In some 
cases a small amount of gelatine is added before boiling, 
hut if properly made as above directed this should not be 
necessary. 

Orange marmalade. — Large amounts of orange marma- 
lade are made in Dundee, Scotland, from whence it is 
shipped to all parts of the world. The oranges used in the 
manufacture of this marmalade are the bitter oranges 
grown in the district of Valencia in Spain and shipped to 
Scotland after being shredded and canned. Most of the 
marmalade made in California is made from sweet oranges 
and pomelos. A little of the characteristic flavor of the 
bitter orange may easily be secured by replacing a few of 
the sweet oranges with bitter ones. 

Slice one dozen oranges thin, throwing away ends, and 
one-half dozen lemons, removing all seeds. Measure 
the fruit, and add half as much water. Let stand over 
night. Next morning boil the fruit in the same water 
until tender. Remove from fire and weigh and to each 
pound of fruit and liquid add one pound of sugar. Boil 
until it jellies, which should require about twenty minutes. 
Do not have the fruit too ripe ; it should be fresh and firm. 

Pomelo marmalade. — Slice one pomelo, one orange, and 
one lemon, rejecting seeds and core. Measure the fruit 
and add to it twice the quantity of water. Let stand in 
an earthen dish over night and next day boil slowly until 
peel is tender. Let stand another night and the second 
morning measure and add an equal volume of sugar. 
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Place in covered double boiler and boil slowly for a half 
hour or until it jellies. The fruit should not be stirred 
during boiling. 

Citrus-rhubarb marmalade. — Take six pounds of fresh 
rhubarb^ four large oranges, four lemons, and one large cup 
finely chopped walnuts. Cut the oranges and lemons into 
thin slices, rejecting ends and seeds. Add to the rhubarb, 
which has been cut into small pieces. Put four large cups 
of sugar over this and let stand over night. Next morning 
add four more cups of sugar and boil down. Just before 
placing in jars and while still hot stir in the chopped wal- 
nuts. 


CHAPTER XIX 


MARKETING 

The different methods of selling California citrus fruits 
may fce grouped for convenience under four general heads, 
which, with the proportion of fruit now (1913-14:) sold hy 
each method, are approximately as follows : 

13% Miscellaneous sales. 

5% Sales hy independent growers who ship to market. 

20 % Independent association sales. 

62% Sales through the California Fruit Growers’ Ex- 
change. 

Under the head of miscellaneous local sales, fruit is dis- 
posed of in various ways. It may he sold either for a lump 
sum on the trees to itinerant packers and speculators, or it 
may be contracted for by hotel syndicates to be delivered 
as needed. The management of the dining cars and eating 
houses of a large railroad company, for example, often se- 
lects certain crops of oranges which are bought for a stated 
price per pound, to be picked and delivered as needed. 
Commission men will sometimes secure a contract for a 
certain amount of fruit of a certain grade to be delivered 
in the East or in Australia or Hongkong, and then send an 
agent around the country buying the fruit wherever it 
can he secured. Such buyers will usually contract with 
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some independent local packing-house for the packing of 
the fruit. 

Under the head of independent grower-shippers are in- 
cluded certain large growers who have sufficient acreage 
to warrant a packing-house of their own. In most cases 
such shippers have old and especially favorable connec- 
tions in certain markets where their reputation is high and 
their old customers secure. Independent shippers usually 
have some special or unique advantage which relieves 
them, to an extent, from the common vicissitudes of the 
market. The chief stockholder in a large hotel in Chicago 
or Boston, for instance, who owns a winter home in an 
orange grove in California, will naturally ship his fruit to 
his own hotel for consumption. 

Independent associations are groups of small growers 
who have united together in building a cooperative pack- 
ing-house, yet who for some reason have not affiliated with 
the Exchange, but sell their fruit through commission men 
in the various markets. Many of these associations who 
think they are doing* a little better outside the Exchange 
would quickly join and support the Exchange should it 
ever appear in danger of failure through lack of support. 
They prefer for the present, perhaps, to sail in the calm 
water close under the lee of the Exchange. 

THE CALIFORNIA FRUIT GROWERS' EXCHANGE 

This great cooperative organization of growers is the 
child of necessity. The season of 1892-93 was particu- 
larly disastrous as far as turning fruit into money was 
concerned, and the market conditions and arrogance of 
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the railroads were intolerable. Accordingly the Southern 
California Fruit Exchange was organized in Los Angeles 
on October 2, 1895, in order to provide certain marketing 
of the fruit by more uniform methods. Ten years later the 
name of the organization was changed to the present title. 

The California Fruit Growers’ Exchange has its home 
ofBce in the Consolidated Realty Building in Los Angeles. 
Its organization is tersely described by G. H. Powell, the 
General Manager,^ as follows : 

“The California Fruit Growers’ Exchange is an organi- 
zation which acts as a clearing house in providing the 
facilities through which 6500 growers distriWte and mar- 
ket their fruit. There are three foundation stones in the 
exchange system — the local associations of growers, the 
district exchanges, and the central exchange. The local 
associations, the district exchanges, and the central or 
California Fruit Growlers’ Exchange are organized and 
managed by the growers on a non-profit cooperative 
basis, each of them operating at cost, and each distribut- 
ing the entire net proceeds to the growers after operat- 
ing expenses are deducted.” 

The local exchange, — “The California Fruit Growers^ 
Exchange comprises 115 local associations, each of which 
has from 40 to 200 members. The growers usually organ- 
ize as a corporation without profit, under the laws of Cali- 
fornia, issuing stock to each member in proportion to his 
bearing acreage, to the number of boxes he ships, or in 
equal amounts to each grower. The association assembles 
the fruit in a packing-house, and there grades, pools, packs, 
and prepares it for shipment. The associations are man- 

1 California CuLtivaior, March 13, 1913. 
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aged by a board of directors through a manager and are 
conducted exclusively for the benefit of the growers. 
They declare no dividends and accumulate no profits. 
The fruit is pooled each month, or for a shorter period, each 
grower receiving his proportion of the proceeds received 
for each grade shipped during the pool. Many of the 
associations pick the fruit, and some of them prune and 
fumigate the trees for the members. Each association 
has brands for each grade, and when a carload is ready 
for shipment it is marketed through the district exchange, 
of which the association is a member, through the agents 
and facilities provided by the California Fruit Growers’ 
Exchange.” 

The district exchange. — There are seventeen district 
exchanges. These exchanges are corporations without 
profit. There may be one or more district exchanges in a 
.community, depending upon the number of local associa- 
tions and other local conditions. The district exchange 
acts as a clearing house in marketing the fruit for the asso- 
ciations through the California Fruit Growers’ Exchange 
and acts as a medium through which most of the business 
relations between the exchange and the local associations 
are handled. The district exchange orders cars and sees 
that they are placed by the railroad at the various associa- 
tion packing-houses ; keeps record of the cars shipped by 
each association, with their destinations ; informs itself, 
through the California Fruit Growers’ Exchange, of all 
phases of the citrus marketing business; places the in- 
formation before the associations ; receives the returns for 
the fruit through the central exchange, and returns the 
, proceeds to the associations.” 
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The eeniral exchange. — ^'The California Fruit Growers’ 
Exchange is a non-profit corporation, under the laws of 
California. It is formed by 17 district exchanges, with a 
paid-in capital stock of $1700. It is managed by a Board 
of 17 directors through a general manager, one director 
representing each district exchange. The function of the 
California Fruit Growers’ Exchange is to furnish market- 
ing facilities for the district exchanges at a pro-rata share 
of the cost. The exchange places bonded agents in the 
principal markets of the United States and Canada, defines 
the duties of the agents, and exercises supervision over 
them. It gathers information through them of conditions 
in each market, receives telegraphic advices of the sale 
of each oar, and furnishes the information every day in 
bulletin form to the local associations. The exchange 
business is on a cash basis ; it makes prompt accounting 
of returns to the growers through the district exchanges; 
takes care of litigation that arises in connection with 
tbe marketing of the fruit ; handles all claims ; conducts 
an extensive advertising campaign to increase the demand 
for citrus fruit; develops new markets and performs suck 
other functions as are set forth in the contract between 
the central exchange and the district exchanges. The 
central exchange levies an assessment against each district 
exchange for a pro-rata share of the expense on the basis 
of the number of boxes shipped. It declares no dividends. 
It does not buy or sell fruit or any other commodity, and 
exerci^ no control either directly or indirectly over sale 
or purcha^. Its function is to provide facilities for the 
distribution and marketing of the fruit for those shippers 
who desire such facilities. Under the exchange system 
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every shipper reserves the right to regulate and control his 
own shipments ; to develop his own brands of fruit ; to 
use his own judgment as to when and in what amount it 
shall be shipped, and the price he is willing to receive, 
reserving the right of free competition with all other 
shippers, including the members of the same organization, 
uncontrolled by any one. The agent in the market acts 
directly under the order of the shipper, who determines 
the prices at which each car shall be sold outside of the 
auction markets, and ail other matters connected with its 
distribution, the California Pruit Growers’ Exchange 
acting as the medium through which orders pass from the 
agent to the shipper, but never selling a car or determining 
the price at which the fruit shall be sold. 

^^The exchange is a democratic organization; the 
growers exercise control over all matters. Membership 
in the exchange is voluntary; a grower may withdraw 
from an association at the end of a year ; an association 
may withdraw from a district exchange, and a district ex- 
change may withdraw from the central exchange, — these 
relations being set forth in the various contracts that hold 
the members together. There is no attempt on the part 
of the central exchange to regulate shipments, to eliminate 
competition, divide the territory or business, or to influ- 
ence prices. In this connection its functions are to keep the 
associations informed daily regarding the shipments from 
the state; the general movement of exchange cars, the 
general conditions of the different marketing points ; the 
prices at which the exchange fruit is sold ; and in furnish- 
ing such other information as will allow the growers and 
shippers through their association and district exchanges to 
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decide the questions of distribution and marketing for 

themselves. 

“One third of the entire shipments are sold at public 
auction, the remainder through unrestricted priv^ate com- 
petition. There is no uniformity in price in the different 
brands, because the fruit in each section, on account of 
the soil and other local conditions, has an individuality 
of its own, and every brand sells on its own merits. 

“ The exchange is organized into several divisions ; 
sales, legal, traffic, adv^ertising, insurance, and mutual 
protection, and a supply department •which furnishes the 
inaterials used in the packmg-houses and on the ranches, 
at cost to the members. The exchange does not consign 
fruit It is shipped on order; soldf. o. h. ; or sold ^ de- 
livert^l, subject to usual terms.’ The exchange maintains 
district managers in all of the important cities of the 
United States and Canada. These employees are exclu- 
sively salaried agents, engaged only in the sale of fruit, 
in the development of markets, and in handling the local 
business problems of the exchange.’’ 

The money received by the selling agents for fruit is 
deposited by them in national banks to the credit of the 
central exchange, which forw^ards it to the district exchange 
and is by them distributed to the growers. The exchange 
has collected more than one hundred and thirty-nine 
millions of dollars in addition to freight charges for citrus 
fruits in the kst ten years, and the losses from bad debts 
to date have been less than seven thousand dollars. The 
exchange returns (f. o. b. California) for fruit shipped 
in the season 1913“*! 4 were about eighteen million dollars. 

Tlie exchange carries on two forms of advertising. 
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Space in daily newspapers in all important cities is bought 
to the extent of $200,000 or more a year. In order to 
secure the chief benefits of this advertising for the members 
of the exchange, who pay for it, there has been devised a 
special quality brand known as “ Sunkist ’’ (see Fig. 112), 
the copyright for which is owned by the exchange. This 
brand is used by all exchange associations as an addi- 
tional sticker placed on their best brands only. The 
tissue paper wrappers used on fruit under this brand bear 
the sunkist emblem and such wrappers are redeemable 
in part payment for table silverware. This ware is triple 
plated and of good quality and bears a special orange 
design. In 1912, 1,750,000 pieces of silverware were dis- 
tributed in return for orange and lemon wrappers, and the 
exchange has become the largest single buyer of this class 
of silverware in the world. In the Chicago office, forty 
mailing clerks are required to take care of this business. 

The expense of maintaining the exchange, including 
advertising and every other expense, has never been as high 
as 3 per cent of gross sales, while ordinary commission and 
brokerage charges of other agencies vary from 5 to 10 per 
cent for selling alone. In 1914 the total cost of selling, 
including advertising and the maintenance of the sub- 
exchanges, amounted to 6^^ cents a box. 

It is not a difficult matter to organize an association. 
The money required for incidental and organization ex- 
penses will be supplied by the membership fees of five or 
ten dollars. The money required for building the packing- 
house and beginning work is usually borrowed from the 
banks on association notes personally indorsed by the 
directors. When the sale of fruit begins a small amount 
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to the box is held back with w^hich to gradually pay off 
the notes. When real property, such as a packing-house 
and site, is acquired it may be mortgaged for as much as 
possible in order to relieve the directors of personal liabil- 
ity on the first notes issued. The membership fee should 
be kept low in order that new members may join at any 
time as old members drop out for one reason or another. 
Most associations desire as large a membership as possible, 
as it is more economical to pack fruit in large quantities 
and in a large, well-equipped house. 

Every association should act squarely and honestly with 
its customers. Special markets should be developed and 
fruit of uniformly good grade shipped regularly to those 
markets regardless of fluctuation in prices. It is usually poor 
pK)licy to chase high prices by changing quickly from one 
market to another. It should be the ambition of each as- 
sociation to develop a high reputation for its brands of 
fruit on certain markets and then stay by those markets 
through the season, always striving to give good values and 
please the old customers. 

The distribution of the oranges and lemons of each 
grower must be uniform throughout the year on a mer- 
chandizing basis ; neither the grower nor shipper can af- 
ford to speculate on the market. The fruit should go 
forward naturally from each grove during the period when 
it possesses the best quality for that district. Regular 
distribution increases consumption ; stabilizes the business 
of the shipper, the jobber, and the retailer. It furnishes 
the consumer a supply at the lowest average return be- 
<mu^ the product is handled by every one at a reasonable 
d^tributing profit. The distributing cost of citrus fruit 
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after it reaches the jobber, like many other food products, 
represents approximately 45 per cent of the consumer’s 
cost. Erratic, speculative distribution increases the dis- 
tributing costs ; it results in a lower price to the producer 
and a higher cost to the consumer.” ^ 

Some years ago the citrus growers of Florida sent a 
committee to California to study the methods of the Cali- 
fornia Exchange. As a result of this the Florida Citrus 
Exchange was organized in the fall of 1909, and is now a 
successful organization. About 22 per cent of the Florida 
Crop of 1913-14 was handled through the Exchange. 

Citrus Protective League of California 

This is a voluntary organization formed in March, 1906, 
by representatives of growers, shippers, and shipping or- 
ganizations in nearly all of the citrus growing localities 
of the state to handle the public policy questions that 
affect the industry as a whole. Its purpose is to represent 
the grower and shipper in handling such questions as: 
railroad rates and transportation problems ; customs 
tariffs and other governmental relations ; state and 
federal legislation that applies directly to the business, and 
all other questions of a general nature that affect the up- 
building of the industry, except the marketing of fruit. 

The League is directed by an Executive Committee of 
nine and by a secretary and manager, the Executive Com- 
mittee having been appointed by an Administrative Com- 
mittee of thirty of the principal growers and shippers 

1 Report of G. ff. Powell^ General Manager^ California Fruit 
Growers^ Exchange, 1914 . 
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who act as a governing committee, and who were selected 
from the representative delegates who organized the 
League in 1906. The League represents about 90 per cent 
of the growers and shippers of the state, and is supported 
by funds raised by general assessment based on the num-^ 
ber of cars of fruit shipped by each member during the 
preceding year. 

In conclusion it may be well to point out that during the 
last decade the citrus fruit acreage in California has more 
than doubled. From 1900 to 1914 the size of the crop 
increased 254 per cent. In order that consumption may 
keep pace with this rapid increase in production, it is 
extremely important that the growers loyally support the 
organizations which are developing a comprehensive, 
economical, and eflBcient system for distributing, selling, 
and advertising citrus fruits. 

It is also highly important that a profitable by-product 
industry be established. A means of disposing of low- 
grade fruit at home will do more than anything else toward 
keeping such fruit from glutting the markets and depress- 
ing the prices of fancy fruit. This is bound to result in 
an improvement in the grades of fruit shipped to market, 
with consequent marked increase in consumption. 


CHAPTER XX 


PROFIT AND LOSS 

If the question is asked, Does citrus culture really 
we are compelled to answer ^^Yes and no/^ It 
handsomely where proper conditions are combined 
'wi-th knowledge, industry, common business sense, and 
0£t pital. It does not pay in many cases where these things 
aro not combined. Some persons make very large, almost 
f a>t>ulous, profits growing citrus fruits, and these examples 
atres widely quoted by real estate agents and land boomers. 
Other persons lose money consistently year after year. 
VVhen we consider the total production of any crop in the 
Ui:i.ited States, such as corn, wheat, or cotton, we find the 
stverage yield an acre is surprisingly low. Citrus fruits 
no exception to the rule. The Citrus Protective League 
hia,s collected a great deal of data on the cost of production 
of oitrus fruits, and Victor Newland, a student at the Uni- 
vearsity of California, has worked out the average prices 
ar^oeived. Such large collections of figures should not be 
i:^ken too seriously, yet they possess considerable indica- 
•tive value. It appears that the average box of oranges 
for the five years preceding 1913 returned a net profit of 
1 5 cents to the grower, while the average box of lemons 
I>roduced during the same period returned a loss of about 
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20 cents. xA.nd yet skillful growers ha^e commonly made 
much higher profits on lemons than on oranges, and a good 
bearing lemon grove will sell for more money to-day than 
an orange grove of similar age. This means that there 
have been a larger proportion of failures with lemons than 
with oranges. 

There are, of course, many reasons why some citrus trees 
fail to pay. Some trees are planted with the object of 
producing fruit ; while others, we regret to have to say, 
have been planted for the purpose of making it easier to 
sell the land. There is a great deal of land that will grow 
a beautiful young tree for a few years, but upon which 
bearing trees will soon fail. A considerable acreage of 
either very questionable or impossible citrus land has been 
planted out in large blocks and then divided up and sold 
to unwary' investors, who in most cases are inexperienced 
Piersons newly arrived from other parts of the country. 
Much citrus acreage is sold by mail to absent buyers, a very 
bad practice. It is strange how many unsophisticated 
persons there are in Northern cities who will trustingly 
send their money by mail to some agent with the request 
that he sure to select a nice orange grove for them.^^ 
Where there is such an absolute lack of business sense as 
this, it is not surprising that there are so many failures. 

Absentee ownership is one of the banes of the citrus 
busiiiess. If a person cannot visit his property at least 
once a month and look after the various operations in per- 
»n, he should sell out to some one who can. 

Another trouble is over-capitalization, which is encour- 
sged by sjxjculation. Many beautiful towns and cities 
have been built literally in ttie orange groves and the in- 
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crease in Yalxie of the land for residence and other pur- 
poses has increased the capital and taxes to a point where it 
becomes difficult to make any but the most expertly man- 
aged citrus orchards pay. 

Many orchards are composed largely of degenerate 
types of trees ; many have been ruined by the mottled- 
leaf disease ; and many are too frequently visited by frost. 

Let us not dwell too much on the dark side, however, but 
hasten to give assurance that any one with sufficient capi- 
tal, a reasonable knowledge of horticultural operations, 
and ordinarily good business judgment may easily make 
a good profit raising citrus fruits, provided he or she is 
careful to see that the following requirements are satisfied : 

1. A location in a proved citrus district, reasonably 
free from frosts and winds and within hauling distance of a 
packing-house. 

2. An easily worked, fertile, well-drained, deep soil, 
purchased at a reasonable price. 

3. An ample supply of good water. 

4. Strong, thrifty, clean trees grown from carefully 
selected buds of standard varieties. 

5. Proper preparation of ground and planting of trees. 

6. Personal care of the trees with conscientious culti- 
vation, irrigation, fertilization, and pruning. 

7. The exclusion of scale insects and proper treatment 
for fungus and other diseases. 

8. Membership in a local co5perative marketing asso- 
ciation. 

These may be called the eight fundamental require- 
ments for success. Failure in any one of these require- 
ments may bring about the failure of the grove, although 


358 


Citrus Fruits 


failure does not necessarily follow in every case. On the 
other hand, if each of these requirements is fairly met, 
success is as sure as almost any horticultural venture can 
be. In addition to these things it is advisable for the be- 
ginner to cooperate with the neighbors toward the general 
good of the district by joining loyally in fumigating and 
frost fighting campaigns. The College of Agriculture 
should be freely consulted, and the beginner will usually 
find it to his advantage to enroll for the free correspond- 
ence course in citrus fruits conducted by the College. 

CAPITAL REaUIRED 

The next question to be considered is, ‘^How much 
money will be needed to meet the eight requirements for 
success outlined above ? ^ ’ This question permits of no defi- 
nite answer on account of the very wide variations in costs 
in different localities and under different conditions. In 
some localities good citrus land may still be had at $150 
an acre, while in other districts it may be considered cheap 
at $500 an acre. 

Water also varies very widely in cost. In some locali- 
ties where there is comparatively little frost, combined 
with good soil and other natural advantages, the cost of 
water has soared surprisingly high. After the local 
supply has all been appropriated, additional water is 
often brought from great distances. This is usually 
accomplished by forming a water company which pur- 
chases suflicient water bearing lands and installs the 
necessary pumping plants, tunnels, and aqueducts. The 
necessary amount of water stock in such a company. 
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(which is the water right) sometimes costs as much as $200 
an acre and the annual assessments for pumping expense 
and repairs may be as much as $40 an acre a year. 

The following estimate gives some general idea of the 
cost of bringing a young grove into bearing in the San 
Gabriel Valley : 

Cost of Bringing a Ten Acre Orange Orchard to Bearing 


10 acres orange land $1500 

Clearing and grading 2000 

Water right 1500 

Trees, 1000 @ $1 1000 

Planting trees at each 75 

Irrigating system 200 

Irrigating and cultivating, 5 years .... 2000 

Taxes and incidentals, 5 years 250 

Fertilizer, 3 years 250 

Pruning 200 

Total expense $8975 

Returns from fruit less packing charge, 3 years . . . 1200 

Total investment at beginning of 6th year . . . $7775 


A well managed orange orchard in full bearing ought 
to yield 250 packed boxes an acre. Many orchards aver- 
age much more than this amount. The cultural, packing, 
and selling costs ought not to exceed $2.00 a box. The 
average selling price for oranges for the last five years has 
been about $2.80. 

At the time the reduction of the tariff on citrus fruits was 
under discussion in Congress, the Citrus Protective League 
made an extensive investigation of the cost of producing 
oranges and lemons. The publications of the League con- 
tain some very extensive tables showing all items of cost 
in great detail, from which the following figures are taken : 
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Data on 26,000 Acres of Oranges. 

Average cost of materials an acre S83.24 

Average cost of labor 52.82 

Average cost of crop an acre $136.06 

Data on 4,186,983 Boxes of Oranges 
Cost per Box 

Picking $.0771 

Hauling 0287 

Packing 3246 

Picking, hauling, and packing $.4304 

Cultural cost .8633 

Freight .828 

Refrigeration .0789 

Selling and collecting .07 

Total cost laid down in market $2.2706 

Data on 1,391,711 Boxes of Lemons 
Cost per Box 

Cost of growing $1,000 

Cost of picking .253 

Cost of hauling .039 

Cost of packing . .596 

Cost of freight 840 

Cost of refrigeration .026 

Cost of selling .070 

Total cost laid down in market $2,824 

In estimating the amount of capital required to conduct 
a bearing citrus orchard for a year, the following figures, 
also taken from the League reports, may be found of value. 
The cost of superintendence, administration, and depre- 
ciation are omitted : 



Profit and Loss 


361 


Cost of Opehatinq Bearing Grove an Acre a Year of 

Oranges 

Lemons 

Cultivating 

$18.00 

$20.00 

Pruning 

8.00 

22.50 

Irrigating 

Fumigating (materials and labor) when 

7.50 

12.00 

necessary 

18.00 

20.00 

Spraying (when necessary) 

7.50 

7.50 

Spreading fertilizer 

Other tree care (propping, earing for sick 

2.50 

2.50 

trees, etc.) 

Chemical fertilizer 

3.00 

5.00 

30.00 

35.00 

Barnyard manure (when used) .... 

30.00 

30.00 

Water '. . . . 

18.00 

20.00 

Forage and grain (feed for work stock) . . 

20.00 

20.00 

Taxes 

12.00 

10.00 

Maintenance and repairs 

7.00 

7.00 

Incidentals 

2.50 

2.50 

Frost protection (when used) 

30.00 

40.00 


The above columns of figures are not added for the 
reason that no orchard requires all of these expenditures 
in any one year. The same orchard would not be fumi- 
gated and sprayed, and manure would not be applied every 
year as suflficient supplies are not available. These figures 
are also open to the objection that they represent averages 
between different districts and hence are not strictly typi- 
cal of any one district. Inasmuch as they are susceptible 
to such wide variations, they should be accepted as rough 
approximations only. See also statement No. 1 on pages 
162 and 163. 

The Citrus Protective League has published the follow- 
ing figures on average yields including all varieties of or- 
anges and lemons. 
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Oranges ave. 

Lemons ave. 

Year 

26,000 Acres 

6137 Acres 

Boxes per Acre 

i 

Boxes per Acre 

1906-7 

150.1 ■ 

149.1 

1907-8 

129.5 

187.1 

1908-9 

167.2 

220.9 

1909-10 

136.7 

196.1 

1910-11 

191.0 

211.2 

Average for 5 years 

157.6 

* 

196.2 


The average f.o.b. price received for oranges for the 
last ten years is about $1.50 per box and for lemons $2.00 
per box. 


JUDGING ORCHAEDS AND LANDS 

It is poor policy to examine a piece of prospective land 
or a bearing orchard without a program. This is espe- 
cially true when different propositions are to be contrasted 
with a view to deciding on a purchase. Many inexperi- 
enced people buy land without digging into it, but this 
practice cannot be too strongly condemned. In arid 
countries surface indications are not reliable guides as to 
what may be expected below the surface. Holes should 
be dug at least six or seven feet deep in various places and 
the soil examined for changes in character, hardpan, 
stone, and so on. 

It is suggested that the following list of points be used 
in going over every piece of land. Each point may be 
weighted after the fashion of a score-card and thus accurate 
comparisons between different propositions made easier . .. 
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Score-card for Citrus Land 

1. Freedom from frost. 

2. Water; legal right, amount, quality, cost. 

3. Kind and quality of soil. Topography. 

4. Continuity of tract and freedom from waste land. 

5. Freedom from stones and brush. Cost of clearing 
and grading. 

6. Freedom from4iardpan. 

7. Freedom from alkali. 

8. Drainage outlet. 

9. Susceptibility to wind. 

10. Distance from scale infested orchard. 

11. Nearness to town. 

12. Nearness to packing-house and railroad siding. 

13. Quality of roads. 

14. Price per acre. 

Additional Points for Bearing Groves 

15. Uniformity and yield record of trees. 

16. Freedom from scale insects. 

17. Freedom from mottled-leaf and other diseases. 

18. Condition of trees as to pruning and general care. 

19. Adaptability of variety to district. 


CHAPTER XXI 

DISEASES AND THEIR CONTROL 

Citrus trees are susceptible to a large number of dis- 
eases, some of which are due to the attacks of parasites 
and some to physiological derangements of nutrition. 
Practically all of the fungus diseases have been investi- 
gated by scientists and are fairly well understood, while 
comparatively little progress has been made in the study 
of physiological diseases. In Florida and some otlier 
humid citrus growing regions the fungus troubles are most 
common, while in California and other places where the 
climate is more or less arid the fungus troubles are less 
abundant and derangements of nutrition due to unfavor- 
able soil conditions, alkali, excessive heat, and perhaps 
to excessive illumination and transpiration are very fre- 
quently met with. 


GUM DISEASES 

Citrus trees are apt to excrete gum from a number of differ- 
ent causes, some of which fall in each of the classes mentioned 
above. 

Brown Rot Gum-Disease 

Among citrus growers this trouble is usually known simply 
as “gum-disease.” Until recently it was thought to be due 
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solely to physiological H. S. Fawc(»tt lias now 

shown that the true cause is none oth<T tliari tliat old eiicfiiy 
of the citrus grower, the brown rot fungus PjfthiaeieHih 
citrophthera. 

Brown rot gumming 
is most common on 
lemon trees and is 
characterised liy a 
copious exmlation of 
gum from tine trunk 
just above the hud 
union. A certain an^a 
of bark surrounding 
the gum dies, becomes 
hard and dry with no 
outer evidence <if fun- 
gus growth, and is 
often pushed slightly 
away from the cam- 
bium by the pressure 
of the rapidly forming 
gum. This kind of 
gum-disease may In* 
largely prevent^s! l>y 
avoiding the soil eon- Fiiwiwti meiltriU t-if tmii- 

ditions most favorably "f 

for the growth of this Hi>il-inhabi{ing fungus. No water should 
be allows! to stand in «»ntart with the trunk. Heavy or 
adobe soils shouhl lx* kept well worked under the trees and 
preventwl from being mound***! against the trunks. It will 
do no harm to <iraw the surface sf>il away fr*»m the trunks, 
even exposing the erown r*K>ts, pr*ivt*led th,t irrigation water 
is prevented from running into the basin thus formetl. 
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The fungus gains access to the tree either through abrasions 
of the bark or directly through the lenticels or breathing 
pores. The bark of the sour orange is very resistant to in- 
fection and trees budded six or more inches high on sour 
stock are quite resistant . 

When a case of brown rot gumming is discovered, the tree 
trunk should be treated by cutting away every particle 
of diseased bark and painting the trunk with bordeaux 
mixture paste, made as follows : one pound of bluestorn^ 
and two pounds of unslaked lime with water to make a 
thick whitewash. It is advisable on all heavy, fungus infested 
soils to apply this paste as a preventive to all healthy trees 
so situated as to be liable to gum-disease. This treatment 
should be repeated every second year at least. 

Botrytis Gumming 

Another form of gum-disease is caused by the fungus 
Botrytis vulgaris and is fairly common on old lemon trees 
growing on low, heavy soils. It occurs on the trunks and 
is characterized by a much less copious flow of gum but a much 
more general infection. The outer bark becomes soft and 
dies gradually from the outside inward, differing radically 
in this respect from the brown rot gumming. In moist 
weather the disease is accompanied by cushions of small 
dark gray fruiting bodies scattered over the surface of the 
dead bark. 

The proper treatment is to scrape off the outer dead bark, 
leaving the inner bark wherever it is alive, and applying the 
bordeaux paste. Special tools have been developed for 
scraping and they should be kept in the bucket of paste when 
not in use. The application of bordeaux paste to healthy 
tree trunks is suggested as a good preventive for tMs 
disease. 
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Scaly-bark 

The sweet orange alone is subject to this form of gumming 
which occurs in patches quite generally over the trunk and 
large limbs to a considerable height. In this case the outer 
bark breaks and comes away in small, dry scales, leaving the 
living bark underneath with a rough and noduled appearance 
and with a large number of small gum pockets which exude 
only a small amount of gum. In severe cases, the infected 
tree or branch drops its leaves, and after languishing for a year 
or two, finally dies. In some cases, large vigorous trees may 
support a few scaly-bark patches for many years without 
any serious reduction in crop. While this disease has been 
investigated for a number of years, the cause has not yet 
been discovered, and no satisfactory treatment is known. 
Where the disease occurs only on the branches, they should 
be cut off below the diseased area and burned. Where 
the disease occurs on the trunk, it is advisable to scrape the 
bark thoroughly and apply bordeaux paste, inasmuch as in 
certain instances this has appeared to be of some value. 

Twig Gumming 

Young trees and nursery stock are sometimes affected with 
gumming of the twigs which is apparently caused by copious 
irrigation when the soil has become too dry. The gum 
breaks out along the small twigs all over the tree with splitting 
of the bark, dropping of leaves, and dying back of twigs. 
Vigorous trees always recover and the trouble may be pre- 
vented by giving due attention to regular irrigation. Some- 
times this form of gumming is caused by a period of desic- 
cating north wind. Such winds do not affect the mature 
wood, but often cause the bark to split and drops of gum 
form on vigorous young shoots. 
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Leaf Gumming 

This is very common, especially on orange trees, in hot 
localities. Dark reddish colored, slightly raised spots or 
areas appear on the leaves in places where they have been 
turned up and the under side exposed to the sun or frost. 
These spots are formed by the secretion of a gurn-Iike sub- 
stance in the tissue just under the epidermis and are simply the 
result of sunburn or frost injury at a time when the leaves are 
young and tender. The trouble is not serious and need not 
be feared. 



Fig. 129. — Reddish gum areas on under side of leaf caused by sunburn. 

Gumming of Seed Bed Stock (Pytkiacystis dtrophthora) 

It often happens that the brown rot fungus, becoming 
established in the soil used for seed beds, will infect large 
numbers of sweet orange seedlings, especially where the soil 
is allowed to become too wet. Many of the seedlings are 
girdled at the surface of the ground and entirely ruined and 
have to be discarded when the plants are dug for sale. Sour 
orange plants are somewhat more resistant, but even they 
will sometimes show a considerable amount of gumming, 
as immunity to the brown rot fungus is not fully acquired 
until after the plants have been transferred to the nursery row. 
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In order to prevent this trouble, tlu* surfae<* soil slwnild 
kept as dry as the health of tlie plants will permit. Whi*ti 
the first indication of disease is nofi<’ed, tin* b<‘ds shcndd lie 
thoroughly spraycsl with lH»rdeaux nuxture, applying tlie 
Ii(piid in quantities sufficient to drip <iown and moisten tlie 
entire surface of tlu^ s<nL 

Kxanthrma or Dirdmek 

This disease was first <i(’serihe<l as oenirring in Florida in 
1875 and has sinec* assumed great <‘eonoiiii<* iniportane«% 
luiving appenired in vvery eitrus growing distric’f in tlifnt 
state. The annual losses directly attrihiifahle to <*xantli{*niii 
are V(*ry heavy. 

In I’alifornia and Arizona, how^ever, the Iosh<»s su.Htaineil 
from the effects of tins disf^ase liave hi*en c‘om|)aratively 
light. It lias h«»en reported from sev(*riil loeitlities in Hontherii 
(’alifornia, Init in very few eas4*H has flje outbreak lieeii 
wudesprejnl or siifficn'ently .severe to attract very mmdi atten- 
tion. 

There is a widespread miHundersfariding in regard to tlie 
term ''die-biu'k/* There is of course a dying ba<‘k of the 
branches due to any one of a very larg«‘ ntimlier of eause,*^, 
such for example as mottleddeaf, i»ot tony-mold fungus, front, 
and the like* Sc*eing c!f*ad twigs in their f re<»K, miirty persons 
are apt to Jump to the eonehision that the trouble is clif*4atc*lc, 
which presents itself to their mituk us a viigtie though rni 
less terrible malady, the syuiptoins of wfueli tfjey d<i imt 
clearly understand. The term ‘*eKanllteina’* is ii Cheek 
word meaning an eruption or pustule wliielt was giviui fo 
this particular clim^ase by Swingle ami Wi*blM*r in IHIW att*! 
is much to la* preferred to ^hlie-himk/" Then* is only one 
exanthema but there may be many kinds of diediiiek. 

Kxafithenm lias mow; symptoms than tiliriost any otltf^r 
2 » 
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plant disease, and there is little excuse in failing on a diag- 
nosis. The first indication of exanthema appears as an ab- 
normally dark green color of the leaves near the center of 

the tree. This is followed by a 
I dying back of the young growth 

A with the formation of small 

M swellings or gum pockets at tlu^ 

0 nodes. These often crack opcui 

If tears of gum are exud(*d 

m 'M from the very young twigs, while 

1 m /' the cracks on larger twigs appear 

a red or l)rown 

Iw gummy substance. Often af- 

fected twigs will atternj)t a mw 
M growth but succeed only in form- 

B pi. ing clusters of sickly, pale 

B 4 colored buds in the axils of the 

H 1 'A leaves. Water sprouts often 

I W SkVise from healthy wood below 

S the diseased tissue, which in turn 

m may or may not become affected. 

M iS badly affected 

M ^ branches either falls or remains 

small and pale yellow in color. 

M Usually the fruit which reaches 

Wk ^ some size exhibits a very char- 

B acteristic dark brownish red 

Fig. 130.-E:ianthema pustules 

on Valencia orange twigs. patches of gummy material laid 
over the surface. These red areas 
are usually slightly elevated, and badly affected fruit often 
splits open longitudinally while hanging on the tree. Affected 
fruit is usually abnormally thick skinned, contains numerous 
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gum pockets at th<^ center, and in tlie <*ase of orangeshasari 
insipid sweet taste. In many <‘a.s(^s exant Inuna is ae(*oni- 
panied l)y mottled~l<‘af, ulfliougli this is prohahly merely a 
coincidence, as tlu*re is no known connection between the two 
diseases. Kxantlnnna is most common on the orange* al- 
though it has b(*(‘n fourui by tlie write*r on both lemon ami 
pomelo. 

From all its appcaram*es cxanth<*tna would naturally be 
supposed to b<‘ a fungus diseasf*, but this appears not to b(* the 
case. A great deal of .scientific* inv<*stigatic»n lias Iicen ex- 
pended, but as yc*t no fungus or oilier parasite has been found 
connected with the* trouble*. Expcrimc*nts have shown 
moreover tliat the* disease can be* |>rodue(‘d in healthy plants 
without th(* aid of any parasite whaf<*ver. For these* r<*aHons 
it is eonsidew! to be a phy.siologi<*al derang<*ment of tlie 
vital funetions (*ause«! l>y irn‘gular or impropc*r fcwnl and 
moisture supply; in other words, a form of plant irnligest ion. 
Citrus plants app<*ar to be <*s|w*f‘5ally susceptible* to various 
forms of malnutrition. 

In Florida the eause of this ecaidition has lM*f‘n fairly well 
established. It has been found tfi la* due to an exe^ess of 
ammonia in the soil r<‘Hiiiting from applications of sfahle 
manure or otlier form of organic nitrogen. Florida growers 
are almost eertain to have c*xanthema if they apply large 
amounts of dried blood or f*otfonseed meal, or plant tlie frees 
on land previously <K*e«pi«*d by eat tie pens or <»lucken ynrcls. 
By being senipukniHly c*an*ftil to avcml fla‘se things Florida 
growers have been iible to recltic*e t!ie amount of exiinthemii 
to a minimum. 

In California, however, the eonditions are %*ery differeiil. 
Here growers apply orgiinic manures in very large aifioiiiits 
with apparent iriipimify, as far as <*xarithenia is eoimeritisL 
Why this marked dilFerenee should exist is (*erl-fiirily a niys- 
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tery, but it exists nevertheless. The chief causes of exan- 
thema in California are improper soil drainage and faulty 
soil structure ; or as Lipman has recently suggested, the direct 
cause may be an abnormally slow nitrification in the soil 
accompanied by abnormally rapid ammonification, thus forc- 
ing the plants to take up ammonia compounds. 

Exanthema may be cured entirely by the removal of the 
conditions causing the trouble. Where ground water is the 
cause, the land may be drained, but where an open porous 
subsoil allows the water to pass down, but on account of its 
open nature does not permit the return of the water by capil- 
larity, the remedy is very difficult or impossible. Such lands 
should not be planted to citrus fruits. 


Mal-di-gomma or Foot-rot 

In European citrus districts as well as in Florida foot-rot 
has caused heavy losses. In California, however, it is com- 
paratively rare. It is thought to be caused by a fungtis 
of some kind which produces rotting of the roots quite 
distinct from that described above. The decay starts 
in the bark of the main roots, which becomes soft and 
slimy, and gradually spreads from the surface of the ground 
downward. This is accompanied by a yellowing and drop- 
ping of the leaves in that part of the top directly over the 
diseased roots. When disturbed, the rotten roots have a 
peculiar and offensive odor. 

Lemon roots are quite susceptible, sweet orange somewhat 
less so, while sour orange is quite resistant. Apparently 
the only conditions under which the disease can exist are 
extremely poor drainage and very wet, heavy soil about 
the roots. Badly diseased trees are difficult to revive but 
may be replaced provided the soil conditions are improved. 
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The use of sour orange stocks tog(‘ther witli good drainage 
and acTation of the soil are the best methods of prevention. 


ToadMool Root IM 

Most mushrooms grow f)nly on <h‘ad material hut there are 
some which are actually parasitic on living plants. The 
mushroom known as invUva has ('aused In^avy 

losses of fruit trees both in Europe and Am(Ti(*a. The 
fungus is native to the roots of oak and some other tn^es and 
occurs most commonly on lan<ls previously oe<*utn(Hl by oak 
trees. After the oak trees are eiit down, thc‘ fungus lives 
for some years on the <lea<i roots in the soil and sluuild citrus 
trees be planted on tlic land at onc<s their roots an* very likely 
to become infected. The fungus usually kills tine tree in 
from two to four years, although in some instances diseased 
trees may remain alive, though unpnditahks for an indefinite 
period. In affected tn‘es, usually only a part of the top dies 
at first, the dead l>ranehes gradually increasing in numher. 
If the roots are c^xaminecl, certain ones will he found de<»ayecl 
and soft. Just under tlie hark may he seen fan-shapisl pieces 
of felty white fungus with the not unpk‘asant odor of fresh 
mushrooms. Soon after a root is atta<»ked tliere may he 
seen along the side, and closely appressed to the luirk, the 
rhizomorphs or long l>laek strands of the fungus which rc*- 
semble hay wire, although very crooked. During prolonged 
periods of rainy weather, tlie fungus sends up from the 
diseased roots large clusters of a doxen or more toadstools 
which are brownish tan in color, six to ten incdtes higli, and 
each one, where not crowded, tliree or four incdH‘s hroa<i on 
top. Armillaria lives only on the roots of the tribes and eiiit- 
not remain for any lengtli of time in soil whieh eoritains 
no tree roots. There is no danger (as some think) of in- 
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creasing tlie spread of the fungus from tree to tree by appli- 
cation of barnyard manure. 

From the nature of this trouble it is apparent that no such 
remedy as spraying the foliage can have the least effect on 
the disease. There is at present no satisfactory remedy. 
It is not known whether sweet, sour, or pomelo root sto(‘ks 
are equally susceptible. It is urgently recommended that 
four or five years at least be allowed to elapse between tlie 
digging out of all oak roots and the planting of citrus tree.s, 
in order that the fungus may die out. During this time, the 
land may be planted to vegetables or alfalfa if water is 
available. 


Motiled-leaf 

For the past ten years a very peculiar and baffling disease 
of citrus trees has been gradually extending through southern 
California. It is known as mottled-leaf, and up to the present 
time has been considered to be a derangement of nutrition 
due to physiological causes. This disease is probably the 
most serious problem now before the California citrus 
growers. The injury to some of the finest orchards in the 
state has amounted to millions of dollars in the aggregate. 

Mottled-leaf is a kind of chlorosis of which there are several 
common on citrus trees. Mottled-leaf, however, is the only 
form which is widespread or very serious. The trouble 
first appears as light colored areas situated between the veins 
of the leaves. The contrast between the color of the veins 
and interspaces is very striking. Mottled leaves are found 
only towards the ends of the shoots and represent leaves 
in which the green color has never completely developed, 
rather than those in which the chlorophyll has once existed 
and then disappeared. Leaves which are once green never 
become typically mottled, although they may become lighter 





376 


Ciirus Fruits 


in color or even bright yellow, as in other forms of chlorosis. 
As the mottling increases there is a decided shortage in 
yield of fruit and in bad cases the fruit present is very 
small, and turns pale yellow or white when about an inch in 
diameter. There is considerable dying back of the branches 
and many sickly shoots put out along the trunk and large 
limbs. In a good many symptoms this disease is similar to 
peach yellows. 

Mottled-leaf affects all kinds of citrus trees, regardless of 
the kind of stock they are budded upon. It affects other 
trees also, including elm, maple, camphor, eucalyptus, and 
particularly Japanese privet. The disease occurs in many 
parts of the world, but apparently it has been seriously de- 
structive only in California. It is quite general in the 
Riverside-Redlands district, at Corona, Rialto, Bloomington, 
Pomona, and Covina. In San Diego, Ventura, and Santa 
Barbara counties it is much less severe. It occurs in parts of 
Tulare County. In the Sacramento Valley it is as yet ex- 
ceedingly rare in spite of the fact that many carloads of 
slightly mottled nursery trees from southern California have 
been set out. 

A great deal of scientific investigation and study has been 
put upon this disease and a great many theories have been 
advanced as to the cause. Up to the present time the true 
cause has not been definitely proven nor has a satisfactory 
remedy been clearly demonstrated. 

Some years ago the writer, working on the hypothesis 
that mottled-leaf, like peach yellows, might be transmitted 
by buds used in propagation, performed the following experi- 
ment : buds from badly mottled twigs of both oranges and 
lemons were inserted in healthy sour orange stocks. On ac- 
count of the weakness of the buds only a few grew, but these 
finally grew up into as healthy trees as any in the nursery. 
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This showed that mot- 
tled-leaf is not trans- 
mitted by budding. 

In 1910 R. R. Snow- 
den ^ advanced the 
theory that mottled- 
leaf was due to an ex- 
cess of magnesia or an 
improper ratio be- 
tween magnesia and 
lime in the soil. 
Snowden showed that 
the soils of some 
healthy groves aver- 
aged about 2.5 parts 
of lime to 1 of mag- 
nesia, while the soils 
from sickly groves 
averaged 1.18 of lime 
to 1 of magnesia. This 
theory was much dis- 
cussed at the time, 
but subsequent study 
brought to light so 
many exceptions to 
the supposed rule that 
the theory was greatly 
weakened. Heavy ap- 
plication s of lime 
moreover have by no 
means proved a cure 
for the disease. 



Fig. 132. — Advanced stage of mottled- 
leaf disease showing formation of mul- 
tiple buds. 


1 California Cultivator, Aug. 11, 1910. 
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Some prominent citrus growers have held that starvation 
or a lack of humus in the soil is the cause of the trouble. In 
answer to this it may be said that some of the worst affected 
groves in the state are situated on apparently ideal soil 
and are among those best fertilized and otherwise well cared 
for. 

Mottled-leaf is much more prevalent on sandy and gravelly 
soils than on heavy adobe soils. In orchards where a certain 
area or streak of mottled-leaf runs through the orchard this 
usually corresponds to an area where the subsoil differs 
much from the top soil, usually being more coarse and open. 
This has led Smith ^ to conclude that '' the most prevalent 
and typical form of mottled-leaf is due to an irregular supply 
of moisture and plant food.’’ 

In 1912 J. R. Hodges, an horticultural inspector at Covina, 
California, noticed nematode worms in the soil near the 
roots of trees suffering from mottled-leaf. He advanced the 
theory ^ that the disease was caused by these nematodes. 
The matter was further investigated at the University of 
California Pathological Laboratory at Whittier where it 
was discovered that the nematodes were actually parasitic 
on the roots- E. E. Thomas of the laboratory staff 
published a preliminary report ^ on the distribution of nema- 
todes in the state and the possible relation between the worms 
and the disease. The nematode theory was by far the most 
plausible of any offered up to that time and at once attracted 
the attention of many scientists to the problem, which was 
now attacked from an entirely new angle. The name with a 
description of this nematode worm is given in Chapter XXIV. 

Several years will be required for the definite working out 

1 R. E. Smith, Cal. Sta. Bull. No. 218, p. 1139. 

2 Cal State Com. Hort. Mo. Bull, VoL II, No. 6, p. 555. 

® University of Cal Agr. Exp. Sta. Cir., No. 85, February, 1913. 
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of the relatioa between nematodes and mottled-leaf. Mean- 
while a great deal of survey work is being done. The theory 
is still held in abeyance on account of the fact that the worms 
are not always found on the roots of mottled trees and they 
are occasionally found in small numbers on the roots of 
apparently healthy trees. Experiments are now being carried 
on with potted trees in sterilized soil which has been inocu- 
lated with the nematodes. 

In May, 1914, ICellerman and Wright ^ published the theory 
that mottled-leaf was commonly caused by nitrogen starva- 
tion following the plowing under of mature straw rather than 
a green cover-crop. It was explained that the mature straw 
contained large amounts of cellulose and that the molds and 
bacteria which decomposed the cellulose in the soil used up 
the available nitrate nitrogen present in the soil. They 
suggested further that in maintaining the humus of citrus 
soils, green, succulent materials be used rather than mature 
or dry straws. While this theory appears to be borne out by 
greenhouse experiments it is considered inadequate to ac- 
count for any large proportion of the mottled-leaf disease in 
California. 

Perhaps the most plausible theory yet offered is that 
recently published by Chas. B. Lipman.^ It is explained 
that a poor nitrifying power on the part of the soil, with the 
ammonifying power remaining normal, may result in the 
change of practically all the nitrates in the soil to ammonia 
compounds. It is further shown that while some plants, 
such as rice for example, prefer their nitrogen in the form of 
ammonia compounds, that such compounds are actually 

1 Tour. Agr. Research, YoL II, No. 2, pp. lDl-113. 

^ “ The Poor Nitrifying Power of Soils a Possible Cause of 
Die-Back in Lemons.’' Science, n. s., VoL XXXLX, No. 1011, 
May 15, 1914. 
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poisonous to citrus trees, which show a decided preference 
for nitrates. With the condition in the soil favoring slow 
nitrification and rapid ammonification the trees are forced 
to take ammonia compounds or go without nitrogen entirely, 
as in many California soils the ammonia resulting from the 
decomposition of organic matter is actually set free in the air 
and lost entirely. Experiments are now being performed 
in the hope of finding a practicable method of treating 
orchard soils which may accelerate nitrification and at 
the same time retard ammonification. 



Fig. 133. — Spot on old lemon leaf due to wither-tip. 


Wither-tijp (Colletotrichum glceosporioides) 

This disease is said to be quite common in Florida and 
especially on limes in Cuba, causing a spotting of the old 
fruit and leaves, killing back the twigs, and causing the young 
newly set fruit to drop off.^ In California, however, it ap- 

^ A recent investigation at the University of California has 
.shown that in Cuba and Florida, two distinct diseases have been 
confused. The killing and deforming of young foliage and fruits 
of the lime are due to a fungus which somewhat resembles Colleto-' 
trichum gloeosporioides but is entirely distinct from it. This 
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pears to be of little practical importance, for although the 
fungus has long been present in abundance throughout the 
citrus growing areas, it very rarely attacks healthy trees 
as an active parasite. On senile leaves or young leaves 
weakened by fires, frost, fumigation, or otherwise, it causes 
dead spots, on the surface of which may be seen the minute 
black fruiting bodies of the fungus. The fungus occurs also 
on twigs weakened from any of the above mentioned 
causes. Trees suffering from gum-disease, foot-rot, gopher 
injury, alkali, or from other troubles, often show an abundant 
growth of wither-tip. Spraying with bordeaux mixture will 
reduce the amount of the fungus, but perhaps a more logical 
procedure would be to remove the causes of weakness and 
promote a healthy and disease-resistant growth. In certain 
rare cases, especially in very wet, cold weather and near the 
coast, it is possible of course that this fungus may occasion- 
ally act as a true parasite, in which case spraying with 
bordeaux mixture is a simple remedy. Certain very small 
red or salmon colored spots which sometimes occur on 
lemons in Ventura County have been found to be due to this 
fungus. 

It may be added that chiefly on account of its common 
name, "wither-tip,’’ orchardists are very apt to refer to a 
large number of their tree troubles as wither-tip which are 
in no way attributable to Colletotrichum gloeosporioides, 

new fungus has been called Gloeosporium limetticolum. It causes 
a very injurious disease of limes and may attack lemons under 
artificial conditions but has not been known to do so imder 
natural field conditions. Oranges and pomelos are not attacked. 
Extremely warm and humid atmospheric conditions are neces- 
sary for the development of the fungus, and it is not known to 
occur in California. See Clausen, R. E., “A New Fungus 
Concerned in Wither-Tip of Varieties of Citrus Medica,” Phyto- 
pathology II, 6, 217, December, 1912. 
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When lemons which have been grown in the warmer sec- 
tions are stored for a long time they finally break down with 
a soft rot at the center known in the packing-houses as old 
age decay’’ or "core rot.” The general exterior appearance 
of the lemons may be normal, but when pressed between the 
fingers they collapse. This decay is not yet clearly under- 
stood but is probably due primarily to the wither-tip fungus, 
which usually kills the buttons after they have been 
weakened by age. Later, as the fruit ages and becomes less 
resistant to encroaching organisms, a species of Alternaria 
penetrates the fruit by way of the dead button, following 
and turning brown the central core of pith and also the 
fibrovascular bundles as they radiate through the spongy 
tissue of the rind. The juice vesicles seem to be the last 
to be affected. After the vascular system is broken down 
the lemons lose their elasticity and appear dead to the 
touch. Fruit in such a condition should not be shipped, as it 
has very poor carrying qualities and decays very quickly when 
exposed for sale in warm weather. The chief remedy for 
this trouble is to avoid allowing the fruit to ripen on the 
trees, and to store in houses where the temperature may be 
accurately controlled. When the buttons succumb to wither- 
tip the fruit should be closely watched and hurried to market 
at the first indication that the fungus is entering the fruit. • 

Twig blight {Sclerotinia libertiniana) 

All kinds of citrus trees sometimes exhibit a sudden 
withering and dying of small twigs and occasional branches 
up to one inch in diameter. The green leaves suddenly 
wither and remain attached to the twig, which dies from the 
point of infection outward, and with its dead leaves shows 
very prominently in the green foliage of the tree as though 
it had been broken and remained hanging. At the point 
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of infection a few drops of gum usually form. During rainy 
weather the sclerotia (small black bodies a little larger than a 
grain of wheat) will often be formed on the outside of the 
bark near the point of infection. Sclerotia rarely form in 
hot, dry weather. Apparently, infection can only occur by 
spores finding lodgment in abrasions of the bark. While 
the spores of this fungus are very plentiful in southern 
California, often causing serious losses in the packing-houses, 
yet for reasons not at present understood, blighting of the 
twigs is so rare as to cause but little damage. While the 
casual observer may notice a blighted twig here and there in 
almost any orchard either of oranges or lemons, it has never 
been reported as doing sufficient damage to the trees to 
warrant remedial measures. This trouble is very often 
mistaken for wither-tip. As a matter of course all blighted 
branches should he removed when the trees are pruned. 

This fungus has also been found on the bark and roots of 
old trees. The bark is decayed and, when dried out, comes 
away in fibrous shreds very characteristic of this fungus. 
Remedial measures for this form of the disease have not been 
worked out. Meanwhile the treatment advised is to cut 
away all diseased tissue and paint the wound thoroughly 
with bordeaux paste. 

Cottony mold {Sclerotinia libertiniana) 

The same fungus described above develops not only on 
citrus twigs but upon the vetch 'used as a cover-crop and on 
orchard soils. The sclerotia which form on the twigs and 
on the vetch, finally dry and fall to the ground. The following 
rainy season, after being thoroughly moistened they give 
rise to small funnel-shaped toadstool-like bodies which produce 
the spores of the fungus in great quantities. These spores 
apparently require an abrasion in order to germinate and 
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grow in the fruit. Once the fungus has begun growth in 
a lemon its progress is rapid. A large amount of white 


Fig. 134. — ^ A “ nest’' of cottony fungus. 

cotton-like mycelium is produced in which the characteristic 
black sclerotia are formed. An important point to bear in 
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mind is the fact that while the spores of the fungus require 
an abrasion for inoculation, the white mycelium is abun- 
dantly able to grow* into and infect a perfectly sound lemon 
at any point. The decay is often very serious in stored 
lemons, the fungus spreading rapidly in all directions from 
the lemon originally infected. Unless discovered and re- 
moved in time cottony mold often destroys an entire half- 
box or even a whole stack of stored lemons. For this 
reason packing-house men are always on the watch for 
“nests” of the cottony fungus, carefully removing the 
source of infection as soon as discovered, and disinfect- 
ing the contaminated boxes with very strong bluestone 
solution. 

The disinfecting solution used in the wash-water against 
brown rot does not kill the thicker walled spores of this 
fungus ; in fact, bluestone solution of sufficient strength to 
kill the spores would produce serious spotting of the lemons. 
Preventive measures must therefore he taken in the orchard 
when the lemons are picked- It is suggested that the lug- 
boxes be placed on bare ground or at least not left standing 
for days in the vetch where the spores of the fungus are pro- 
duced. Empty boxes so placed may easily become dusted 
with spores, and inasmuch as it is the custom in many houses 
to submerge the full lug-hoxes in the wash-water as the 
lemons are gently emptied, the spores are readily transferred 
to the water- The cut surface of the stem of the lemon where 
it was severed from the tree affords ample opportunity for 
spore infection in the washing-tauk. 

Cottony mold is most severe on lemons and occurs sporadi- 
cally, being worse in certain sections and in certain years. 
It may be wise to temporarily discontinue the use of vetch 
as a cover-crop in orchards where cottony mold has become 
well established. 
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Brown rot fruit decay {Pythiacystis citrophthora) 

It has been shown that this fungus causes gum-disease of 
the tree. It also causes a serious decay of the fruit. The 
fungus lives normally in the soil even at considerable depths. 
It comes to the surface during wet weather in winter and 
produces spores on the surface of the ground, especially 
in damp, shady places, such as under citrus trees. The 
spores are motile and can swim around in a thin film of water. 
The drip from the tree splashes these spores upon fruit hang- 
ing within two or three feet of the ground. The spores 
enter the stomata or breathing pores, germinate, and grow 
within the fruit, producing a soft, watery decay which has a 
peculiar brown color and a characteristic odor. All citrus 
fruits are affected, but lemons are especially susceptible. 
During wet winters, the losses from this cause are often very 
great. The decay spreads rapidly in the packing-house as 
the mycelium is able to infect perfectly sound fruit by con- 
tact. If not discovered and removed, the decay starting 
from one lemon may run through an entire box or a stack of 
boxes in storage, and, in a short time, reduce the whole to 
a watery mass. 

Fortunately a simple and very effective remedy is now in 
use in all packing-houses. The spores of the fungus being 
very thin walled are extremely susceptible to copper sulfate, 
and in order to free any packing-house of this pest it is only 
necessary to add bluestone to the wash-water. The common 
practice is to add 1| pounds of bluestone to each 1000 gallons 
of water in the morning and then fortify this with an addi- 
tional pound at noon after considerable fresh water has 
entered the tank. As bluestone attacks metal, wooden or 
cement tanks should be used. Some prefer metal tanks 
coated with asphaltum. Should the wash-water contain 
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alkali the bluestone may be neutralized, and in such cases a 
chemist should be employed to study the water and advise 
as to the proper procedure to keep the solution of bluestone 
as near as possible at a strength of of one per cent. 

In order to reduce to a minimum the loss of lemons on the 
trees it is advisable to keep the branches pruned up some- 
what from the ground, and summer cultivation should extend 
well under the trees. It has been found well worth while 
also to spray the ground under the trees each fall before 
the rains begin with bordeaux mixture, as this largely pre- 
vents the fungus from fruiting at the surface of the ground. 

Blue mold (Penicilliun italicuTri) and green mold 
(P. digitatum) 

Most of the decay of citrus fruit is due to blue and green 
molds. Being only very slightly parasitic on uninjured fruit, 
the decay is practically confined, under ordinary conditions, 
to fruit which has been injured in handling. The spores of 
these fungi are very common in the air everywhere and 
are almost sure to get into any slight abrasion of the skin 
of fruit. They produce a soft rot while the fungi fruit 
abundantly over the surface, the spores appearing as a blue 
or a greenish powder according to which species is present. 
Frequently the two kinds occur together, although the green 
is the most universal. For all practical purposes these two 
species of penicillium may be treated as one. About the 
only difference is the color of the spores and the fact that in 
pure culture the blue mold shows a wider band of white 
exposed mycelium between the fruiting area and the sound 
skin. The universal preventive for these decays is careful 
handling of the fruit in field and packing-house, which, 
if conscientiously enforced, will reduce the losses to n 
minimum. 
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Gray mold (Botrytis vulgaris) 

Occasionally lemons while in storage will develop what is 
known as gray mold. It appears as a dark brown discolora- 
tion and softening which is followed by the mycelium which 
appears at the surface and produces gray or mouse- 
colored spores. The fungus is apparently dependent on 
abrasions for access to the fruit and would no doubt be 
much more abundant were it not for the fact that the blue 
and green molds usually monopolize such opportunities for 
development. 

Black rot of Navel orange {Alternaria citri) 



Navel oranges only are subject to black rot which may be 

recognized by the 
premature ripening, 
abnormally large 
size, and very deep 
red color. The 
affected fruits are 
very conspicuous on 
the trees before the 
main crop has col- 
ored up. The 
spores of the fungus 
gain entrance at the 
navel end through 
slight imperfections 
of the peel or per- 
Fig. 135. — Black rot of Navel. haps through the 

stigma of the blos- 
som, and produce a black, decayed area under the skin. 
This decay does not immediately spread through the entire 
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fruit, but remains for weeks as a small black mass of fungus. 
Decayed tissue may occasionally extend to the surface, but 
more often this is not the case and the fruit finds its way 
into the hands of the consumer. 

There is no known remedy for this trouble which occa- 
sionally affects as much as one per cent of the crop in certain 
localities. It is suggested, however, that all affected fruits 
should be gathered up and burned in order to reduce the num- 
ber of spores in the orchards. 

Brown spot of Navel orange 

The brown spot of the Navel orange may be described as 
occurring irregularly over the surface of the orange. From 
one to fifty or more spots may develop on a single fruit. The 
spots vary in size from a mere point to one inch in diameter, 
averaging about one-fourth inch. In outline they seem to 
follow no rule and may be quite irregular, although the cir- 
cular spot is most common. The color of the spot varies in 
different localities from a pale brown, which attracts little 
notice, to almost black, in which case the good appearance 
of the fruit is ruined. The eating qualities of spotted oranges 
are not injured in the least. The color of the spot seems to 
be lighter near the coast and darker in the interior valleys. 
Losses from brown spot have been heaviest from the upper 
San Gabriel and Santa Ana valleys, because in these regions 
the spotting is more common and the color changes to a darker 
brown. On the other hand, the fruit from many of the pack- 
ing-houses near the coast shows brown spots of such a pale 
tint as to attract no notice on the market. The spots are 
darker on early picked fruit, and it seems to be true that if 
the fruit is left on the trees until very late it will not spot at 
all. The spots are slightly sunken on account of the fact 
that the surface cells have collapsed. The dead and col- 
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lapsed tissue extends from the surface to about one-fourth 
the thickness of the rind. No spots are visible while the fruit 
is on the trees and as a rule the spots are not noticeable till 
from 15 to 25 days after picking. On this account it is not 
possible to grade against this spot in the packing-houses, 
unless storage houses of sufficient capacity are built to hold 

the pickings of three 
or four weeks. 

The brown spot has 
been observed so far 
chiefly on the Wash- 
ington Navel orange, 
and dealers have com- 
plained of it only on 
this variety. In 1914 
the writer received 
specimens of Valencia 
oranges from Highland 
which had been picked 
about the first of June 
which showed almost 
typical brovm spot. 
The color was lighter and less damaging than usually occurs 
on the Navel. Spotting is uniformly worse on fancy, 
smooth, thin-skinned fruit. The fruit which grades highest 
as it comes from the orchard always spots much more than 
the rough fruit, which often remains exempt. Examination 
of the spots with a hand lens fails to show any abrasion or 
opening in the epidermis. 

Orange packers have been complaining of the brown spot for 
only four or five years, but it is probable that it has existed, 
though varying in severity, as long as the Navel orange has 
been cultivated in California. 



Fig. 136. — Brown spot of Navel orange. 
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Up to tte pieseat time neither the primary cause nor a 
remedy has been discovered. After an extended investiga- 
tion, the writer was led to conclude ^ ^‘That the direct cause of 
brown spot is the oxidation of the protoplasm by enzymes 
which occur in the protoplasm itself but which are prevented 
from acting as long as the orange is joined to the tree and 
receiving water and certain nutritive substances from the 
tree. Thus the resistance of the protoplasm to enzyme en- 
croachments gradually grows less from the time the orange 
is picked/’ This conclusion merely takes the real question 
one step farther back, for the practical citrus men will, of 
course, wish to know' the primary causes which bring about 
such premature death. This question cannot be answered at 
the present time. 

Damping -off (Rhizoctonia sp. and Fnsarium s;p.) 

Citrus seed-beds are often seriously injured by damp-off 
fungi. The very young plants begin to die in spots which, 
rapidly extending, involve large areas if not checked. Two 
forms of the disease are recognizable, one caused by the 
Rhizoctonia which kills the stem just above the ground, while 
the other shows itself in dead spots on the stem at any point. 

These troubles should be prevented by strict attention to 
proper methods of planting and watering. No manure or 
freshly decaying organic matter should be applied to the 
seed-bed, commercial fertilizers being used exclusively. The 
seed should be covered with a layer of clean, fresh sand which, 
will prevent the surface from becoming too wet. For the 
inexperienced grower, particularly, it is better to make wide 
furrows, two inches deep, about a foot apart, planting the 
seed broadcast on the ridges between. The water may then 

^ '‘The Brown Spot of the Navel Orange," Froc. Soc. for 
Hort JSci,, 1900. 
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be run in these furrows and allowed to soak into the ground 
laterally, thus keeping the surface of the sand dry. Where 
the seed is sown broadcast over the whole surface of the bed 
and the water applied by sprinkling, watering should always 
be done on sunny mornings and no oftener than is absolutely 
necessary. In most cases a good watering once a week is 
sufficient to keep the soil under the sand sufficiently moist. 
Should the seedlings begin to damp off in spite of all precau- 
tions, it is advisable to allow the bed to go as dry as is reason- 
ably safe, and then spray the surface of the bed with a rather 
weak bordeaux mixture, being careful to wet the entire surface 
of the soil. 

Citrus Canker 

Very recently a new disease has appeared in the Gulf States 
which is described as the most serious which affects the 
pomelo. Sweet oranges are apparently immune. It exists 
in Florida and Alabama, the first specimens being collected 
in 1912. So far it has not been reported from California. 
H. E. Stevens describes the trouble as follows : ^ “ The 

disease appears as small, circular spots, from less than one- 
sixteenth to one-quarter of an inch across. They may occur 
singly, or several together may form an irregular area. They 
are raised above the surrounding tissue, are light brown, and 
composed of a spongy mass of dead cells covered by a thin 
(white to grayish) membrane that finally ruptures and turns 
outward, forming a ragged margin around the spot. The 
general appearance of the spots is much the same whether 
they are found on the leaves, fruit, or twigs. The older 
spots often become overgrown with saprophytic fungi, and 
may be pink or black on account of secondary infection by 
species of Fusarium or Cladosporium. 

^“Citrus Canker.” H. E. Stevens, Florida Exp. Sta. Bull 
No. 122, 1914. 
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The infections on the leaves appear first as small watery 
bulging dots, which, are usually of a darker green than the 
surrounding tissue. They may appear on either surface 
of the leaf, but do not penetrate through the leaf tissue at 
this stage. The spots gradually increase in size, change to 
a light brown color, and become visible on both sides of the 
leaf. The spot may project from the surface on one or both 
sides of the leaf. Each spot is surrounded by a narrow yeb 
lowish band or zone. Later the surface of the spot becomes 
white to grayish, and finally ruptures, exposing a light-brown 
spongy central mass. 

"'The spots on the fruit are similar to those on the leaves. 
They project from the surface and retain a circular outline. 
They do notpenetrate far into the rind, and may be scattered 
singly over the surface, or several may occur together, forming 
irregular masses. 

“The spots on the older twigs are more prominent and 
usually larger and more irregular in shape. They show the 
same spongy tissue and the same color as those on the leaves. 
On growth more than a year old, the spots assume a cankerous 
appearance and the membrane covering the surface disap- 
pears. The spots do not penetrate to the wood, but are con- 
fined to the outer tissues of the bark. 

“The organism causing the disease has not been deter- 
mined, but it is probably a fungus. Several different fungi 
have been found associated with the spots, among which a 
species of Phyllosticta} occurs most frequently. This fungus 
is suspected of being the cause of the trouble, and experi- 
ments are now in progress to determine this. 

“The disease is infectious, as is shown by the results of 
some experiments in which it was transferred from diseased 
material to healthy leaves and shoots of grapefruit.’’ 

^ Later found to be a species of Phoma. See Wolf and Massey, 
Circular 27, Alabama Experiment Station. 
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Control measures have not yet been fully worked out. 
On account of the presence of this fungus, the state of Florida 
is now quarantined against the introduction of nursery stock 
or bud-wood from Alabama. 

Melanose and Stem End Rot (Phomopsis citri) 

These diseases, which are both caused by the same fungus, 
have been prevalent in Florida for many years. The fungus 
occurs in Australia, Jamaica, Porto Rico, and Algeria, but so 
far has not been found to exist in California. 

The disease lives normally and produces spores on dead 
twigs in citrus trees. The spores are washed by the rains 
over the surface of the fruit, causing, particularly on pomelos, 
peculiar brownish streaks known as tear-staining or melanose. 
These marks are nearly the same on leaves, stems, and fruit, 
and consist of raised areas of brown gum-filled cells forming 
dots, lines, rings, or irregular spots which greatly injure the 
general appearance of the fruit while not injuring the eating 
quality. 

Stem-end rot causes the fruit to drop, beginning with im- 
mature fruit in August and continuing till after the fruit has 
been sent to market. It even causes decay after the fruit 
has reached market. The softening begins at the stem 
end and is especially common on fruits which have scale 
insects about the stem end. It is more severe during a warm 
fall and winter, and infection seems to be more common in 
damp shady situations. Sound picked fruit can be infected 
by contact with diseased fruit. The fungus inhabits the 
soil under infected trees and the spores develop in spring 
and summer on dead twigs, bark, and on mummified fruits. 

The application of fungicides to the trees or disinfectants 
to the wash-water does not control the disease. The most 
successful method of control is to keep the trees carefully 
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pruned and free from all dead t'W'ig:s, stubs, and mummified 
fruits. . The prunings should not be plowed into the soil, but 
should be removed from, the orchard and burned before the 
fungus has time to grow and produce spores upon this ma- 
terial. All diseased fruit which falls to the ground should be 
collected and destroyed. Careful culling at the packing- 
house and refrigeration in transit are aids to control. Also 
it is advisable to keep the trees as free as possible from 
scale insects. 

Nail-head Rust {Cladosporium herbarum mr. dtricolum) 

In Florida the nail-head rust is quite common, while it has 
not as yet been found in California. It is often called scaly- 
bark in Florida, but it is very distinct from the California 
scaly-bark, the cause of which has not yet been discovered. 
The disease appears on the twigs and small branches as 
slightly raised rusty spots, as implied by the name. The 
fungus also produces spots on the fruits which are hard, cir- 
cular, sunken, and more or less corky. Affected fruits color 
and drop prematurely. The spots due to this fungus are 
found only on sweet oranges. Various control measures 
have been suggested, such as top-working the trees to pome- 
los ; heading back and spraying with bordeaux, followed by 
an insecticide ; and carefully pruning out all dead wood. 

Scab or Verraicosis {Cladospormm dtri) 

Citrus scab is another disease which occurs in Florida and 
other parts of the world but has not so far been found in 
California. The following description of scab is from the 
Florida Experiment Station Bulletin No. lOS, page 41. 

^‘This disease, which is especially common on sour oranges 
and lemons, makes its appearance on the fruit as irregular 
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light brown or corky projections from the surface. It is 
caused by a fungus which attacks the fruit or leaves when 
quite young. Its attack on sour oranges and lemons (and 
sometimes on Satsumas and grapefruit) often results in 
making them misshapen arid unsightly. In severe attacks, 
projections of a dark gray to corky or even tan color will be 
seen extending out from the surface. The surface of the 
fruit between the warts is usually of a normal color. Often 
these irregular corky projections coalesce to form a large 
raised corky scab. In less severe attacks, especially when 
scab occurs on grapefruit and on tangerines (or rarely on 
sweet oranges), the warty irregular projections are wanting, 
and there will be seen more or less raised platform-like 
patches variable in shape and extent. The surface of the 
raised portion is finely scabbed or lightly scurfed, as is seen 
in the case of thrips marks or silver scurf. In this milder 
form it can usually be distinguished from thrips marks or 
other forms of scurf by its being raised, but can be distin- 
guished with certainty only by the use of the compound 
microscope. 

^"The scab can be completely controlled by the use of weak 
bordeaux mixture (3-3-50). Since (in Florida) the use of 
bordeaux on orange trees, however, kills the friendly fungi ^ 
and allows a rapid increase of scale insects or white-fly, this 

^ It should be explained for the benefit of those not familiar 
with conditions in Florida that there are a number of kinds of 
fimgi which prey as parasites upon the scale insects and white-fly 
larv© and are thus of very great benefit to the citrus growers. 
Some of these friendly fungi occur in India and other places, 
but so far none have been successfully established in California, 
where the air is too dry perhaps for their success. In spraying 
with bordeaux for’ fungus diseases in Florida, the killing off of 
these friendly fungi has to be considered, for an application of 
bordeaux usually must be followed by an insecticide on account 
of the great sudden increase of scale insects. 
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spray is not recommended except when it is absolutely neces- 
sary. When it must be resorted to, a good insecticide should 
be used as soon as the scale insects begin to increase rapidly. 
Some of the harm from increase of scale insects may be pre- 
vented by spraying the bordeaux as much as possible only 
on the fruit, and keeping the spray off of the larger limbs and 
the inside of the tree where the friendly fungi may be left 
alive.’’ 

Diplodia Rot of Oranges (Diplodia natalensis) 

A form of fruit decay which occurs in Florida and South 
Africa but has not so far been reported from California. 
H. S. Fawcett gives the following description of it in Florida 
Exp. Sta. Bull. 108, p. 46 : 

In the early stage this rot shows as a patch about the stem 
end similar to stem-end rot. The discoloration becomes 
darker as the decay proceeds, and appears as dark wide bands 
corresponding to the divisions between the segments- The 
fruit becomes black as the decay advances and very light in 
weight. The rot often advances quickly through to the 
'blossom’ end, and a patch of discoloration shows there 
before all the peel is involved. The Diplodia rot often 
starts also in thorn punctures or similar injuries. It is 
usually accompanied by the exudation of a small amount of 
thin gum, or a considerable amount of amber-colored sticky 
juice. This amber-colored juice less frequently accompanies 
the stem-end rot. Many of the characteristics of the two 
rots are so similar that for practical purposes they may be 
classed together. The citrus fruits are much more resistant 
to Diplodia rot than to stem-end rot. Diplodia rot appears 
to be less common on immature fruits on the tree, and the 
fungus causing it is less parasitic. The same methods of 
treatment given for stem-end rot hold good for the Diplodia 
rot/' 
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Red Blotch of Lemon 

It is in stored fruit alone that red blotch develops. It is 
often called “red rot” by packing-house men but as it is 
apparently not due to any parasitic organism the latter name 
is misleading. It is characterized by the rind shrinking and 
turning to a dark color in large spots or blotches. The 
discoloration is usually limited to one side of the fruit and 
gradually changes from rusty bronze to dark red and finally 
to black. On cross section, affected fruit shows the discolora- 
tion about the seeds, the central core, and along the parti- 
tions, while the vesicles appear normal. The disease does 
not spread among the lemons by contact. It is unusual 
for red blotch to develop in large amount in any one house, 
although the losses in the aggregate are large. It has been 
suggested that red blotch may be caused by sunburn or 
overheating of the lemons on the tree, but so far neither the 
true cause nor a remedy has been demonstrated. 

Yellow Spotting of Oranges 

In all the interior -valleys of southern and central California 
and in Arizona it is the usual thing for oranges of all varieties 
to develop small bright yellow spots before the oranges are 
mature. Often -these spots are very conspicuous on account 
of the contrast with the green rind. Usually all the oranges 
on the exterior of the trees and especially those near the 
ground show the spots. When the fruit colors naturally 
there is no longer any contrast and ||ie spots are no longer 
visible to any but an experienced eye! As these spots do not 
damage the fruit for eating or for sale but little interest 
has been showm in determining the cause. They are probably 
due to the bites of some small insect such as a leaf-hopper, 
many species of which are common in the orchards. At 
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one time it was thought that these spots later developed into 
the brown spot of the Navel orange, but this has been shown 
not to be the case. 

Stem End Spot 

The California stem end spot of oranges is a very different 
thing from the stem end rot common in Florida and pre- 
viously described. It 
appears as small dried 
out and sunken spots 
immediately adjacent 
to the stem of the 
fruit and is most seri- 
ous on the Navel 
orange. It occurs 
only on fruit which is 
beginning to age. The 
cause has not been 
clearly demonstrated. 

Sometimes during wet 
weather, saprophytic 
fungi may grow on 
these dead spots, in 
which case the appear- 
ance of the fruit is injured and it is not safe to ship it to 
market. The remedy is to pick and-ship the fruit earlier. 

Trunk Rot (Sckizopyllum commune) 

The decay of the trunks of citrus trees due to this fungus is 
especially common in the moist coast region and in northern 
California. Where stubs have been left in careless pruning of 
the large limbs the spores gain entrance, and in time the white 
bracket-like fruiting bodies appear. The fungus is thought 



Fig. 137. — Stem end’ spot of orange. 
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not to be strongly parasitic on sound healthy tissue, but once 
started it may cause dying back of the wood. The disease 
may easily be prevented by paying proper attention to the 



Pig. 138. — Pruning stub on orange tree affected with Schizopyllum. 


disinfection of pruning wounds and by covering all large 
cuts with a suitable dressing. Inasmuch as the presence of 
this fungiis indicates neglect, it reflects discredit upon the 
orchardist. 

There are several other kinds of fungi which have not been 
identified which, after getting started in sunburn cracks or 
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frost injuries, may cause a progressive decay of the wood 
of citrus trees. All these may be prevented by care and 
attention to injuries. When once well started it may require 
rather extensive tree-surgery to entirely rid the tree of the 
infection. 

Galls and Knots 

Occasionally large galls are found on the branches of citrus 
trees in California. They are not common or very injurious, 
and the only remedy suggested is to prune them out. These 
galls may be due to the crown gall organism which produces 
similar galls on the roots of peach, almond, and other fruit 
trees. Crown gall has been produced on citrus trees experi- 
mentally by C. 0. Smith of the University of California. 

Recently Florence Hedges ^ investigated a rather serious 
and contagious form of gall on citrus trees from the Island of 
Jamaica. The cause was discovered to be a fungus, Sphoerop- 
sis tumefaciens. All the galls so far found in California 
have been different and the contagious Sphceropsis gall is not 
known to occur either in California or Florida, although 
common in Cuba. 

Black Pit of Lemon {Bacterium citriputeale) 

A serious blemish which occurs occasionally on tree-ripe 
lemons late in the spring. This trouble is apparently con- 
fined to southern California. It appears as large dark red 
or black spots, the surface of which is firm and markedly 
depressed below the general surface of the rind. The spots 
do not increase in size rapidly or progress into a general 
decay, but the appearance of the fruit is ruined. The cause 

^ ‘‘A Knot of Citrus Trees Caused by Sphceropsis tumefaciens 
by Florence Hedges and L, S. Tenny, U. D. A. Bureau Plant 
Industry, Bull. No. 247, 1912. 
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is a bacterium which gains access to the rind through thorn 
punctures. Apparently an abrasion is necessary before the 
bacteria can enter. The trouble may be prevented in three 
ways: pick the fruit before it becomes tree-ripe, grow 
thornless varieties, or protect the orchard by windbreaks. 


CHAPTER XXII 


CITRUS INSECTS AND THEIR CONTROL 

The number of insects which seriously attack citrus 
fruit trees in California is not large ; their lack in numbers, 
however, is more than offset by their aggressiveness and 
their ability to withstand control measures. While it is 
true that fumigation for scale and spraying for red spider 
or mites, if properly done, is supposed to kill all the in- 
dividuals on the trees at the time of treatment, yet in actual 
practice a few usually survive and later reinfest the trees, 
so that in the course of time remedial measures must be 
repeated. 

The financial loss due to the various citrus pests is large, 
the cost of control amounting to more than half a million 
dollars a year in southern California, according to a re- 
cent estimate. This does not take into account the 
secondary losses due to weakened trees, dirty fruit, and 
fruit scarred by thrips or mites. The state as well as the 
nation is spending large sums annually in studying citrus 
pests and in devising better methods of control, while in 
addition to this most counties employ a horticultural com- 
missioner and a corps of inspectors whose chief duty is to 
assist in controlling pests already established in the county 
and to prevent the introduction of foreign species. 
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The distribution of the various citrus insects in Califor- 
nia is greatly influenced by the different climatic conditions 
obtaining in the different parts of the state. The purple 
scale has so far not become established nor is the black 
scale serious on citrus trees in the hot dry air of the interior 
valleys. The red and yellow scales are both found in the 
San Joaquin citrus districts, although not in injurious num- 
bers, while the yellow scale alone is found in the Sacra- 
mento districts. Before the introduction of various in- 
sect pests into California from Florida, the general opinion 
prevailed that such insects would not thrive when taken 
from a humid into a comparatively arid climate. The 
fact that any particular insect has not so far become es- 
tablished in a given region must not be taken as sufficient 
evidence that it will not thrive when an opportunity to 
infest trees presents itself. 

At the present time, it is very encouraging to note the 
fact that in the better kept citrus orchards of the state 
it is often difficult to find specimens of certain insects for 
study. In some localities where red and yellow scale, 
mealy bug, or silver mite were once very abundant, it may 
now require a diligent search to locate a single individual, 
so effective has been the work of the inspectors and the 
application of remedial measures. 

A point which should be emphasized is the importance of 
keeping orchards and fence rows free from weeds which 
harbor scale. One of the worst offenders among weeds 
is the common nightshade (Solarium nigrum) which is so 
abundant throughout most of the state. Even after 
thorough fumigation of the trees has been accomplished, 
a few scales living on the nightshade will start a new inf es- 
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tation, the blame for which is often unjustly charged to 
carelessness of the fumigators. 

For sake of convenience, insects are usually divided into 
two general groups, the biting insects and the sucking in- 
sects. The biting insects are those which bite or tear off 
pieces of the plant tissue and actually consume parts of 
leaves or the tissues upon which they are feeding. The 
sucking insect on the other hand pierces the tender plant 
with a slender proboscis or tube-hke mouth-part and 
proceeds to extract the sap from the cells. All the scale 
insects, the mealy bugs, the plant lice, and the red spider 
have sucking mouth-parts, the thrips have mouth-parts 
fitted for both rasping and sucking, while the rose 
beetle, the orange tortrix, and the diabrotica are biting 
insects. 

A proper understanding of the manner in which an in- 
sect obtains its food is necessary before remedial measures 
can be intelligently applied. For biting insects, a stomach 
poison such as paris green or arsenate of lead should be 
used, while for sucking insects, a solution or gas which kills 
by contact, such as lime-sulphur or kerosene emulsion or 
hydrocyanic acid gas, is necessary. A contact insecticide 
either fills up the breathing pores which are located along 
the sides of the body of the insect, thus suffocating them, or 
produces fatal irritation. The sucking insects are by far 
the most destructive and troublesome in citrus orchards 
as well as the most difficult to control. 

Black Scale {Saissetia olece) 

The black scale is widely distributed over the earth, since 
like other scale insects, it is very easily carried from one 
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country to another on young nursery trees and ornamental 
plants. This scale is perhaps the most damaging insect 



Fig, 1S9. — Black scales on orange twig. 

pest of the citrus districts in the Mediterranean region. The 
exact date of its introduction into California is not known. 
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According to a report published in 1880, it was well es- 
tablished at that time. It is found in nearly all the counties 
of the state, although as a citrus pest it is troublesome chiefly 
in southern California, especially near the coast. In Ix>s 
Angeles, Santa Barbara, and Orange counties it takes first 
rank among citrus insects, while in Ventura and San Diego 
counties it is given second rank. In Western Riverside 
and San Bernardino counties, it is also a serious pest, as is 
shown by the fact that 75 per cent of the insect control work 
in Riverside county in 1910 was directed against the black 
scale, although such a high percentage is unusual. 

The black scale injures the tree by sucking the sap. The 
greatest injury, however, is done indirectly by the sooty mold 
which accompanies the scale. The insect excretes copious 
amounts of a substance, known as, honey-dew, which falls 
upon the leaves and fruit below. This furnishes a suitable 
medium for the growth of the sooty mold fungus {Meliola 
camellice) which not only clogs up the breathing pores of 
the leaves and renders them incapable of performing tbeir 
normal functions, but also forms a black coating over the 
fruit which necessitates thorough washing before the fruit 
can be packed for market. This washing is often of neces- 
sity so severe as to cause abrasions in the skin and a con- 
siderable increase in the amount of decay during transit 
to market. 

The size of the adult scale will average about one-seventh 
of an inch in length and not quite as broad. It may be dis- 
tinguished from closely related species by a plainly outlined 
letter H on the back of the full grown females. The color 
of the mature female is usually very dark, often jet black. 
The male scale is minute and is very seldom seen. Wben 
mature the male emerges from its pupal case as a winged 
insect. 
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The life history of the black scale varies in different sections, 
but in general it is about as follows : 

Eggs are produced most abundantly in May, June, and part 
of July, the average number found under each scale being 
about eighteen hundred. In about twenty days the eggs 
hatch. At the end of a day or two the young insects make 
their way out from under the protecting mother scale, and 
crawl around for two or three days before settling down, 
the leaves and tender twigs offering the most suitable feeding 
ground. Unlike the armored scales, the black scale is, up 
to a certain age, able to withdraw its sucking mouth-parts 
from the tissues and move to more favorable pasturage. 
This accounts for the fact that only a few mature individuals 
are seen on the leaves, while such large numbers are found 
on the branches. 

The yellowish half grown females are most common from 
about the middle of September to the middle of December, 
while during the spring and early summer months the dark 
adult scales are most abundant. Although there seems to be 
but one generation of the black scale during the year, it is not 
uncommon along the coast to find all stages at one time. 
It is this irregularity in the appearance of the young scales 
that makes the problem of control so difficult. The insect 
is naturally most susceptible to any destructive influence 
during the two or three days when it is crawling around 
searching for a suitable place to feed. The hot dry air of 
the interior valleys kills them off in large numbers and they 
are not able to establish themselves so readily as in the coast 
sections. 

The young insects may readily be seen crawling about over 
the leaves and stems, but a little observation will show that 
their powers of locomotion are very limited ; they are not 
able to crawl from one tree to another over the rough ground 
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and must depend upon some other agency to carry them 
any considerable distance. Probably the most common 
agents for their dispersal are the ladybird beetles. These 
and other insects are often found with one or more young 
scales on their backs, and when the beetles fly to other trees, 
the scales are carried along to start new infestations. Birds 
are probably responsible for transporting young scale 
insects long distances, as the latter have ample opportunity 
to crawl upon the bodies of birds which are roosting in the 
trees or resting between flights. Man, however, has been 
mostly responsible for the wide distribution of the black 
and similar scales, especially by the shipment of promiscuous 
lots of nursery stock from one country, or one section to 
another. In the orchard the young scale is very liable to be 
distributed during the ordinary operations of cultivation, prun- 
ing, picking, and hauling to market. In some packing-houses 
the precaution is taken of fumigating all lug-boxes as they 
are emptied. They are loaded directly into the wagons 
from the fumigating room, to be taken back to the orchard. 
In this way the danger of introducing scale into a clean or- 
chard by means of lug-boxes is reduced to a minimum. 

There are several natural enemies of the black scale in 
California. Among these, the most important is the parasite, 
Scutellista cyanea, which was introduced from South Africa 
in 1900 and is now found in most of the districts where black 
scale abounds. The Scutellista is an egg parasite and the 
larvae feed only on the eggs which are deposited by the mature 
black scale. In some cases all the eggs under one scale 
may be consumed, but in other cases the parasites come to 
maturity with a greater or less number of eggs untouched. 
Even if the eggs are completely destroyed in the parasitized 
scales, there are usually a sufl&cient number of female scales 
which are not parasitized to carry on the infestation. While 
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the Scutellista aids materially in reducing the numbers of 
the scales, it cannot be depended on alone for the effective 
control of the pest. 

Another egg parasite, Tomocera calif ornica, is found in 
some sections but is not nearly so effective as the preceding. 
There are at least four ladybird beetles as well as an internal 
parasite of the male insect which also prey upon the black scale. 

Where only a few trees around the house are infested or 
only young trees require treatment, spraying with distillate 
emulsion or kerosene emulsion is recommended. The emul- 
sion is made as follows : 

Kerosene 1 gallon 

Soap (laundry) i pound 

Water 15 gallons 

The soap should first be dissolved in about a gallon of hot 

water, and while still hot, add the kerosene, away from the 
fire. The mixture may then be emulsified by churning it back 
and forth for several minutes until it becomes of the consist- 
ency of cream, when it is diluted to make the sixteen gallons. 
The oil should be thoroughly emulsified before being used, 
as free oil in the mixture is apt to cause serious injury to 
the bark of young trees. Where the soil is sandy the con- 
centration of the spray material which runs down the 
trunks and reaches the soil may cause injury at the collar. 
In such cases the oil-saturated soil should be removed 
from about the collar and replaced by a few handfuls of 
fresh soil. This should be done three or four hours after 
the spray has been applied. 

Fumigation is usually more effective, however, in control- 
ling black scale, as the gas penetrates to all parts of the tree 
and the fumigation properly done kills both the mature and 
half grown scales. 
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The Red or Orange Scale (Chrysomphalm aurantii) 


The red scale is found along with the black scale in iJbe 
southern coast counties, where it is a serious enemy of citrus 



Fig. 140. — The red scale on orange. 


trees. It takes first rank as a pest in San Bernardino and 
Riverside counties, while in Orange and Los Angeles counties 
it takes second place. It was found in California in 1878, 
and the origin of that infestation was traced to Australia, al- 
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though China is usually regarded as its native home. It 
occurs in nearly all tropical and semi-tropical countries on a 
large number of plants, but is especially a pest on citrus 
trees. Unlike the black scale, it does not produce honey- 
dew. The injury to the tree is due either to the loss of sap 
or to the poisonous effects upon the cells of the tissues 
attacked. While the black scale is never known to kill 
a tree upon which it is feeding, the red scale quite commonly 
affects its host plant very seriously if not fatally. It also 
settles upon the fruit, marring its appearance and market 
qualities. The life history differs front that of the black 
scale in the fact that the mature female does not produce 
eggs but gives birth to living young. These young scales 
are minute, but may be observed from June to September or 
later as yello^sh mites crawling on the leaves, stems, or 
fruit. They do not migrate far from the parent scale unless 
the food supply is scarce or the feeding surface dry and hard, 
in which case they may travel several feet. The scaly cover- 
ing which the young insect begins to form over itself as soon 
as it is settled is simply for protection, and is not a part of 
iiie body, as in the case of the half grown black scale. It 
consists of a mass of light cottony threads secreted by the 
yoimg scale ; later this is enlarged by the two cast-off skins 
of the growing larvae. Under this protection, they con- 
tinue to feed until mature, which requires from two and a half 
to three and a half months. . The mature female scale is 
reddish in, outward appearance and about the size of the 
head of an ordinary pin. The mature male scale is smaller 
and more elongated than the female. The male sheds its 
skin four times and emerges as a winged insect in from one 
and a half to two months. 

Although each female produces but from forty to eighty 
young, the fact that in southern California there are four 





Pia. 141. — Work of red scale on orange tree. 
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generations during the season accounts for their rapid in- 
crease. The same agents responsible for the spread of the 
black scale also disseminate the red scale. 

The internal parasites of the red scale do not seem to be at 
all effective in reducing their numbers, as only a small per- 
centage of the scales are parasitized. Several species of the 
ladybird beetles are commonly found attacking the red 
scale, but are not of much assistance in their control. Fumi- 
gation according to the schedule given in Chapter XXIII 
is the most effective remedy. 

Yellow Scale (Ckrysomphalus aurantii var, citrinus) 

The yellow scale is but a variety of the red scale, and is 
identically the same in structure. It is somewhat yellow in 
color, although the color becomes much darker after the 
insect dies, when it is more difficult to distinguish from 
the red scale. The distribution is about the same as that of 
the red except in the Sacramento Valley, where the yellow 
scale seems to occur exclusively. 

The feeding habit of this scale differs from that of the red 
as its attacks are almost wholly restricted to the leaves and 
fruit. The seriousness of the injury is therefore much less 
and the health of the trees is not so seriously injured. 

The life history agrees with that of the red scale. There 
is an internal parasite which sometimes kills 25 per cent of 
the scale, but fumigation must be relied upon for its com- 
plete control. 

The Purple Scale {Lepidosaphes heckii) 

The date of introduction of the purple scale into California 
seems to hav^ been either 1888 or 1889, when two carloads 
of orange trees were received from Florida and planted in 
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Los Angeles and San Diego counties without disinfection. 
It now occurs in San Diego, Los Angeles, Orange, Ventura, 
and Santa Barbara counties, and a strict inspection is being 
maintained in the more inland counties to prevent its intro- 
duction. The purple scale attacks all parts of the tree as well 
as the fruit, upon which they attach themselves so firmly 
that the ordinary washing is of little avail in remo^dng them. 
They also cause the fruit to appear spotted in ripening, a 
green color persisting around the scales. Whole trees are sel- 
dom if ever killed hy this scale, although the lower branches 
and often one whole side of the tree may be fatally affected. 

Eggs of the purple scale are most commonly found during 
the spring and early summer, although all stages may occur 
in the orchard at other seasons. The female produces 
from thirty to forty eggs, which hatch in about eighteen days 
during the summer months. The young remain under the 
protection of the mother for a short time, after which they 
make their way out and migrate in search of a place to feed. 
After they have once settled down and formed the protect- 
ing scale over their bodies the females are stationary dur- 
ing their entire existence. The mature female scales are 
elongated, and shaped somewhat like an oyster shell, the color 
varying from a dark brown to purplish. The male scale is 
much smaller and narrower. The average length of time 
from the egg to maturity is about two and one-half months 
for the male and three months for the female. After the 
production of eggs, the female soon dies. 

During the ordinary season, there are from three to four 
generations. The young seem to be more able to adapt them- 
selves to unfavorable feeding conditions than either the red 
or the black scales, and the percentage which become estab- 
lished is much greater. 

Several species of ladybird beetles prey upon the purple 
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Fig. 142. — The purple scale. (Enlarged.) 


scale, but only one internal parasite has so far been reared. 
This parasite is not very widely distributed and is only 
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partially effective wherever it is found. In orchards where 
the red, black, and purple scales occur together, fumigation is 
mainly directed against the purple ; if it is killed, the dosage 
is usually fatal to the other two. 

Cottony Cushion Scale {I eery a purchasi) 

The account of the introduction, spread, and final control 
of the cottony cushion scale forms one of the most interesting 


Fig. 143. — The cottony cushion scale. (Enlarged.) 

chapters in the history of California horticulture. Having 
been introduced from Australia in 1868 (see Chapter I) 
it spread so rapidly during the next twenty years that its 
ravages proved a very serious menace to the citrus industry 
of the southern part of the state. The Australian ladybird 
beetle which was introduced into California from Australia 
in 1889 for the purpose of controlling this scale was so success- 
ful, to all appearances, that except for occasional outbreaks 
it ceased to be considered as a serious citrus pest, and fumi- 
gation or other measures of repression are no longer necessary. 

2e 
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The mature scale is very easily distinguished from other 
scales. When mature, they are about one-fourth of an inch 
long and consist of the red or yellowish body and a large 
fluted cottony white mass which serves as the egg-sac. 
From five to eight hundred eggs are produced by each female, 
May and June being the season of greatest production. 
These hatch in about ten days in summer, but a longer period 
is required in winter. The young scales are very active, and 
feed at first largely upon leaves but later seem to prefer the 
twigs and branches. The females are able to move about 
during most of their life, but become stationary as soon as 
the egg-sac is formed. The time required for development 
from egg to adult varies considerably even during the same 
season; the average, however, is about three and a half 
months. There are at least three generations in southern 
California, and during the summer months they increase 
very rapidly if not held in check by their natural enemies. 
The cottony cushion scale produces a large quantity of 
honey-dew, on which the sooty mold fungus grows readily. 

Soft Brown Scale {Coccus hesperidum) 

The soft brown scale is widely distributed over the earth 
and has a large number of food plants other than citrus. Its 
injury to citrus trees is due largely to the exudation of honey- 
dew, and the accompanying growth of the sooty mold fungus. 
It is only occasionally injurious, and seldom infests an entire 
orchard, being usually held in check by several internal 
parasites. This scale is usually accompanied by a great 
number of ants which feed upon the honey-dew. 

The young scales are produced alive during the summer 
months and settle down soon after leaving the protection 
of the mother. They either remain fixed from that time or 
occasionally move about until they are half grown. There 
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may be several generations in a season, as they require from 
sixty-five to ninety days to mature in summer. The scales 
often crowd so thickly on the leaves or along the stems as 
to overlap each other. The body of the mature female is 
oval, flat, and soft, varying in color from a dark straw yellow 
to brown, often with deeper markings. The male scales 
are much smaller and lighter in color, the mature form 
emerging as a winged insect. 

As stated above, this insect is seldom serious, but occasion- 
ally it happens that the parasites do not effectively control it, 
and it becomes necessary to fumigate or spray. 

Citricola or Soft Gray Scale (Coccus dtricola) 

During the past five years a scale supposed to be a variety 
of the soft brown has caused much damage to citrus trees 
both in the coast country and interior valleys. Recently 
the insect has been described as a distinct species.^ 

The citricola scale excretes large amounts of honey-dew 
which becomes covered with sooty mold, necessitating the 
washing of the oranges. The presence of the scale is usually 
first noticed in July and August, when the sooty mold is 
forming. In the spring the adult females can be observed 
on the smaller twigs and branches, often being so numerous 
as to overlap each other and cause the twig to appear twice 
as large in diameter as ordinarily. This scale is not fatal 
to the tree, but saps its vitality and results in small crops of 
undersized sooty fruit. 

The adult female is grayish in color, usually about one- 
fourth inch long and about three-sixteenths wide, and elongates 
oval in shape. Eggs are laid during May and June and 
hatch immediately. In fact, in some cases the eggs hatch 
before they are laid, and the young are born alive. The 

^ Roy E. Campbell, Entomological E^ews, June, 1914. 
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parasites of the citricola scale do not control it effectively, 
and it has increased in the citrus orchards at an alarming 
rate. The chief method of control is by fumigation, which 
is done in July and August at the time when the greatest 
percentage of young scales are susceptible to the gas. 

Hemispherical Scale (Saissetia hemisphmrica) 

Although this scale is not a serious pest in citrus orchards, 
it sometimes becomes abundant on trees growing near the 
coast. It attacks the twigs and leaves, upon which it quite 
commonly settles along the very edge. It may be distin- 
guished from the black scale by the absence of the letter H 
on the back, its regular oval shape, and polished brown 
surface without markings. The same control measures 
used for the black scale are also efficacious for this species. 

Greedy Scale {Aspidiotus rapax) 

This species is of only minor importance as a citrus pest 
but sometimes attacks the twigs and may be found upon 
fruit remaining upon the trees from the previous season. 
As its name implies, it seems to have no choice of host plants, 
but thrives on both wild and cultivated shrubs or trees. The 
mature scale is gray or almost white and somewhat trans- 
lucent, showing the yellow body of the insect beneath. It 
is ordinarily associated with other species on citrus trees 
and remedial measures directed against this scale alone. are 
seldom if ever necessary. 

Oleander Scale {Aspidiotus hederae) 

The oleander scale is another species which only occasion- 
ally attacks citrus trees. It sometimes appears on lemons, 
usually on tree-ripe fruit, and the common name of '"lemon 
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I peel scale’’ has been applied to it. Although its normal 

f color varies from light to dark gray, it may assume a reddish 

tinge when found on lemons and may then be mistaken for 
V the red scale. 

Citrm Mealy Bug (Pseudococcus citri) 

I The mealy bug does not have to be reckoned with as a 

continuous pest in California citrus orchards. When climatic 
and other conditions are favorable, it becomes a very serious 
citrus insect and is quite difficult to control. It is found in 
I all the citrus regions of the state, but has been particularly 

I troublesome in Ventura and San Diego counties. It not 

! only attacks the leaves and branches, but seems to be espe- 

cially fond of the fruit, often collecting in masses on both 
oranges and lemons. When concealed in the navel of the 
orange or around the stems of lemons, the insects may escape 
detection and continue to breed while the fruit is in storage 
or on the way to market. 

^ The honey-dew excreted by the mealy bug is very sticky 

. and makes the task of cleaning the fruit exceedingly difficult, 

j From three hundred and fifty to four hundred eggs are 

I deposited, mostly during the fall and early winter, in a mass 

\ of loose, cottony fibers, excreted at the time by the female. 

. i The eggs hatch in eight to ten days during the summer months, 

•and in about sixteen days during the winter. The young in- 
sects move about actively, the distance depending upon the 
amount and condition of the food supply. The females 
continue to move about during their lifetime, but the males 
form a cocoon and go through a stage of transformation and 
^ emerge in six weeks as two-winged insects, at which time the 

females are about half grown. The females require about 
two and a half months to develop, often commencing to 
! produce eggs before they reach full size. The full grown 
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mealy bugs are about one-fourth of an inch in length and con- 
spicuously clothed with a white, mealy excretion. They 
have a border of short appendages around their bodies, the 

posterior appendages 
being but little longer 
than the lateral. They 
have the habit of 
settling down in pro- 
tected places such as 
the bases of the leaves 
and fruit stalks, often 
causing the leaves and 
young fruit to drop 
prematurely. 

The mealy bug 
passes the winter in 
the egg stage, but on 
account of the uneven 
hatching during the 
warm weather of 
southern California, 
usually all stages may 
be found during the 
winter season. 

On account of the 
habit which the mealy 
bugs have of secreting 
themselves in pro^ 
tected places, control 
Fig. 144.— Citrus mealy bug. measures by means of 

spraying are difficult. They seem to be quite resistant 
to fumigation, and unless scale insects are also present 
in sufficient numbers to require fumigation, such treat- 
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merit is not lecommended. The greatest success has been, 
obtained by the use of distillate emulsion spray, ten to 
fifteen gallons being applied to an ordinary tree. The 
emulsion consists of four gallons of distillate oil, one gallon 
of liquid soap to two hundred gallons of water. If the in- 
sects are abundant, it may be necessary to spray two or 
three times. The best time for application is during the 
winter when there are large numbers of egg masses, or in 
the spring when the young have been hatched. 

There are several predaceous insects as well as parasites 
which assist in controlling the mealy bug; these include 
different species of ladybird beetles, lace-wing flies, and 
internal parasites. 

Citrw Red Slider {Tetranychus Tnytilaspidis) and Six Spotted 
Mite (T. sexmomdatus) 

There are two species of red spiders which attack citrus 
trees in California. They occur throughout the citrus dis- 
tricts and rank second to scale insects as citrus pests. They 
injure the plant by sucking the juices from the tissues, 
giving a characteristic mottled and sickly appearance to 
the leaves. The green fruit also is attacked, and an objec- 
tionable pale silvery color produced. Red spiders also 
sometimes injure lemons in packing-houses while the lemons 
are in storage. 

Since the citrus red spider is the one usually responsible 
for injury to citrus trees, that species is the one which will 
be discussed here. The common red spider or six spotted 
mite does not limit itself to citrus as a food plant, although 
in San Diego County it is sometimes a more important 
lemon pest than the other species. 

The citrus red spider was introduced from Florida on 
nursery stock about 1890 and has been a serious pest since 
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1895. It is very minute, red in color, and often becomes so 
abundant on a leaf as to give it a reddish hue also. The red 
eggs are placed separately on the leaves, and are elevated 
upon short stalks held in place by radiating guy threads 
fastened to the surface of the leaf. The number deposited 
by each female will average about thirty. During the 
month of May and the summer months, about ten days are 
required for hatching, although it may take three weeks in 
the cooler seasons. The young begin to feed immediately 
and grow rapidly, only twelve days being required to reach 
maturity and begin egg-laying. 

Sulfur is the universal remedy for red spider. It was 
first applied in the dry powdered form, dusted over the trees 
either with a small bellows or a power blower, preferably 
when the foliage was damp. Lime-sulfur sprays have recently 
met with great favor and are being extensively used. Natural 
enemies, such as predaceous beetles and the lace-wing flies, 
assist materially in reducing the damage due to red spider. 
The commercial lime-sulfur preparations are commonly 
used, one gallon to thirty-five gallons of water being recom- 
mended. About six or seven gallons of the solution are, 
required for the ordinary tree, making the cost about fifteen 
cents, considerably less than the cost of fumigation. 

Silver Mite (Eriophyes oleivorus) 

The silver mite is not a true insect but belongs to the same 
class as the red spider. It was introduced from Florida into 
San Diego County in 1889 and its ravages have been restricted 
to a section of that county. The mite attacks the bark, 
foliage, and fruit, producing the greatest injury to the 
fruit. Green lemons if attacked take on a silvery appear- 
ance, due to the extraction of the oil and green coloring 
matter from the cells of the rind. On oranges it produces 
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a russet color of the fruit, hence it is sometimes known as 
the rust mite. 

The eggs of the silver mite are deposited singly or in small 
clusters on the leaves or fruit and hatch in from five to 
fourteen days, depending upon the season. The young 
mites grow rapidly, only eight to ten days being required to 
reach maturity, and in the course of the season they may 
become very abundant. The adults are scarcely visible 
to the naked eye, but their presence is indicated by the 
characteristic silvery color produced on the lemons as well 
as on the leaves. Such fruit is either thrown out as culls 
or utilized in making by-products. The control measures 
are the same as for the red spider. 

Orange Thrips (Etdhrips citri) 

Thrips are very common insects in nearly all kinds of 
flowers, including citrus. Blossoms shaken over the hand 
will generally dislodge a number of both young and adults ; 
the latter, being very active, either jump or fly away. Thrips 
which occur in flowers, however, do not usually belong to 
the above species, as there are numerous kinds which do 
comparatively little damage. The true orange thrips are most 
abundant in Arizona and in the San Joaquin citrus district, 
but are also occasionally injurious in the Redlands district. 

The presence of the thrips is usually evidenced by their 
work upon the young leaves, which are commonly distorted 
in growth and leathery. On the fruit they produce scars 
which may form regular rings aroimd the stem end, or appear 
in irregular spots over the surface. The mouth-parts of the 
thrips are intermediate between the sucking and biting 
insects and consist of a chafing or rasping rather than a biting 
organ, which accounts for the scars produced upon the leaves 
and fruit. Although not injuring the edible qualities of the 
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oranges, such scars affect the market value by placing the 
fruit in poorer grades. 

The adult thrips hibernate over winter in protected places 
and appear about the middle of April, feeding upon the ten- 


Fig. 145. — Scars due to citrus thrips. 


der leaves. The eggs are produced throughout the summer 
months and hatch in six to ten days after being deposited. 
The young are very active and resemble the mature forms, 
except that they are much lighter in color and without 
wings. It has been estimated that there are from eight to 




Citrus Insects and their Control 


427 


ten generations a year in the San Joaquin Valley, about 
twenty days being required for development from egg to 
adult, and about twenty-three days the average length of 
life after reaching maturity. 

The most effective remedy for thrips seems to be spraying. 
The formula recommended by the U. S. D. A. Bureau of 
Entomology is as follows : 

Commercial lime sulfur (33®) 2| gal. 

Black leaf extract ... 2 gals, of 2f % or 14 fluid oz. of 40 % 
Water 200 gai. 

It is necessary to use a very strong pressure, 175 to 200 
pounds, in applying the spray so that all parts of the tree shall 
be reached. The first application should be made as soon 
as the petals have fallen; a second and third spraying is 
advisable at intervals of about ten days. 

While spraying for thrips has been practiced on a large 
scale, it is a fact that at present but little spraying is done. 
Inasmuch as the thrips is severe only in occasional years, 
most growers prefer to take the risk rather than to go to 
the expense, of spraying. 

Melart Aphis or Plant Louse (Aphis gossypii) 

This species of plant louse is very common throughout 
California on melons, gourds, and weeds, and at times becomes 
abundant on citrus trees, especially in early spring. They 
attack the tender young growth and under sides of the leaves, 
causing the latter to curl. Such infestations are rarely very 
extensive, the injury being usually confined to a few scattered 
branches. Unfavorable weather, ladybird beetles, and other 
natural enemies ordinarily keep the numbers of plant lice 
reduced. In case they are doing much damage to young 
nursery stock, however, a spray of nicotine extract or weak 
soap solution will be found effective. 
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Orange Tortrix (Tortrix dtrana) 

The orange tortrix attacks a great variety of plants, both 
wild and cultivated, feeding mostly upon the leaves, which it 
fastens together by silken threads. It was first described 
in 1889, and has been reported occasionally as injuring various 
plants, including the fruit of orange trees. In 1910, its injury 
to oranges in southern California, especially in Los Angeles 
County, caused the growers no little alarm, as high as ten per 
cent of the fruit being found wormy in some of the packing- 
houses. The damage is done by the larva or small worm 
which burrows its way into the fruit, seldom going deeper 
than the rind, however. These holes in the rind not only 
cause the fruit to be graded as culls but also provide an 
entrance for the germs of decay. 

The eggs are deposited on leaves or fruit in small masses 
of from ten to thirty-five eggs, overlapping each other like 
fish scales. They hatch in about twelve days and the larvae 
feed at first upon the surface of the fruit or on the leaves but 
later burrow into the rind, where they remain until full grown. 
At this time they are about half an inch in length. They 
form a chrysalis either in the burrow or in a protected place 
outside, and at the end of ten days emerge as yellowish gray 
moths, less than half an inch long. According to observations 
which have been made in the orchards, there are probably 
three generations of the tortrix in southern California. * 

So far no efiective method of control by insecticides has 
been worked out. Fortunately the serious outbreaks are 
spasmodic, occurring only in occasional years. Often they 
are confined to small localities or even particular groves. 
Perhaps the most practicable remedy is to destroy the fallen 
fruit before the larvae have emerged, and also to destroy the 
wormy culls from the packing-houses. 
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Fuller^ s Rose Beetle (Aramigus fulleri) 

The injury done by Fuller’s rose beetle is 
most serious on young trees and young, ten- 
der foliage of larger trees. The adult beetles 
live on the foliage, feeding mostly at night, 
while the larvae or grubs feed on the roots, 
so that both stages do considerable damage 
where they are abundant. The beetle is 
wingless, grayish brown in color, and about 
three-eighths of an inch in length; the 
head tapers into a short snout. 

Since the adults are unable to fly, they 

may easily be pre- 
vented from reach- 
ing the foliage of 
trees by bands of 
cotton or tangle- 
foot placed around 
the trunks. The 
band of cotton 
about four inch^ 
wide is wrapi>ed 
around the trunk 
and tied tightly 
along the lower 
edge ; the upper 
half is then pulled 
down over the 
lower so that it 
flares out a little 
from the trunk. 
This remedy is 
especially effective 


Pig. 146.— FuB- 
er’s rose b^tle. 
(Enlarged.) 


Pig. 147. — The work of Puller’s rose beetle. 
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;i , where old trees have their tops removed for top-working. 

In such cases a few beetles may quickly destroy all the buds 
^ ' inserted in the stump. 

t \ 

t, ! Western Twelve-spotted Cucumber Beetle {Diabrotica soror) 

'*'*! * 

\ j This species of Diabrotica is liable to attack the leaves and 

f|; i flowers of almost any kind of plant which it happens to find. 

The young and tender 
foliage of citrus trees is 
often seriously injured 
by the beetles although 
orange leaves seem to 
be much preferred to 
those of the lemon. 
The beetles appear in 
such numbers at certain 
seasons that control 
measures must be used 
to protect young plants 
from their attacks. 
During the early morn- 
ing, while they are in- 

Pig. 148.-Soarao^^^dof orange caused 

quite easily Jarred from 
the trees into a vessel containing kerosene or on to a tarred 
screen. Spraying will also be found effective, arsenate of 
lead, eight pounds to two hundred gallons of water, being 
recommended. 

Katydids often produce scars on oranges such as are 
shown at Fig. 148. The insects eat away the exterior of the 
rind while the fruit is quite small. As the fruit increases in 
size the scars enlarge. 
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of rn'tirifig a patent, fatter f’wpiillett iweepted an 
apiwdntiiient its .Sjasial Agi'iit for the hivision of Koto* 
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mology of the U. S. Department of Agriculture and con- 
tinuing Hs experiments with fumigation published a series 
of reports on the subject which proved of great value to 
the industry. 

About the year 1901, a much cheaper method of con- 


Pig. 149, — A fumigation demonstration. 


trolling scale by spraying with distillate oil was intro- 
duced. It was soon found, however, that spraying was 
much less effective than fumigation. The black scale 
increased to an alarming extent, and the thorough wash- 
ing made necessary by the sooty mold caused a great 
increase in the decay in transit. As soon as it was proven 
that a large proportiou of the decay in transit was due 
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primarily to the presence of black scale in the orchards, 
the growers took a renewed interest in fumigation. R. S. 
Woglum of the U. S. Department of Agriculture wm 
detailed to make a comprehensive investigation of the 
whole subject, which he did with marked success. Wo- 
glum’s work in California has been continued for seven 
years and has resulted in a number of very valuable pub- 
lications and much good to the industry. 

The methods of fumigation have thus been developed 
until now it may almost be considered a science by itself. 
The practice has spread to other parts of the world, and 
bids fair soon to become the almost universal method of 
controlling scale insects on citrus trees. Woglum states 
that in the five southern counties of California the amount 
of money spent on fumigating citrus trees during an 
average season 1909-1910 approximated $1,000,000. 
This statement not only gives some idea of the extent to 
which fumigation is practiced, but it shows what a fearful 
tax aiid unnecessary handicap the presence of scale in- 
sects place on the citrus industry. 

The gr^t success of hydrocyanic acid gas in controlling 
scale insects is due to the ease of its generation, and its 
exceedingly poisonous nature. The chief difficulty has 
been to find the exact dosage which will give maxamum 
results in the numbers of insects killed, and at the same 
time produce a minimum of injury to the tree. The 
different scales vary in their susceptibility to the gas, and 
separate dosage tables have now been worked out for all 
the important scales. For a long time a serious obstacle 
was the frequent burning of the leaves and fruit. This 
was largely overcome by confining all funodgation to the 
2f 
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night, when lower temperatures prevailed. This was so 
successful that now all fumigation is done at night. 

Tent fumigation of citrus trees in California at the 
present time is practically limited to districts in the 
southern part of the state, although it is being used to 
some extent in Tulare County in controlling the citricola 
scale. The cost of fumigating the average sized tree is 
about 30 cents, which means an expense to the growers of 
$30 to $40 an acre. Fumigation may sometimes be 
necessary every season; if thoroughly done, however, it 
may be necessary only once in two or three years. 

Various systems are in operation among the growers 
for carrying on the work of fumigation. A large part is 
performed by contractors who make a business of fur- 
nishing the materials and doing the work for a stipulated 
sum. Local associations in which the growers cooperate 
for mutual protection and benefit, often own fumigating 
outfits and treat the infested orchards belonging to their 
members. Such work is usually done under the super- 
vision of a county inspector who sees that the fumigation 
is properly done. In San Bernardino County, until quite 
recently, the Horticultural Commission owned several 
hundred tents and performed annually an immense amount 
of fumigation wherever needed. This finally became 
such a great burden to the Commission that the service 
has been discontinued and the work is now done in 
various other ways. In many cases, private individuals 
or companies having a large acreage in citrus trees 
keep their own fumigating equipment. At Highlands, 
California, an agreement has been made by a number of 
. growers in the district for the sole purpose of protecting 
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four years, although the period of usefulness can of course 
be greatly extended by careful handling. 

In the old system of fumigation the method of calcu- 



PiG. 150. — Method af marking fumigating tent. (After Woglum.) 


kting the dosage for a tr^e was mostly guesswork, the 
operator gauging the size of the tree by eyesight and' 
basing the dosage upon previous experience. Sudh 
methods sometimes produced fairly good results but in 
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general the work was very irregular and poor. The tents 
now in use are plainly marked, as shown in the accom- 
panying diagram, the measurements being marked in feet 
from the center of the tent. When the tent is enfolding 
a tree, the distance OTer it can readily be determined by 
adding the number that touches the ground on one side 
of the tree to the number that touches the ground on the 
opposite side. The two auxiliary lines are necessary, as 
in actual practice the middle line may not fall over the 
middle of the tree but to one side, and in such a case the 
line nearest the center is used for measurement. The two 
side lines may be either three or four feet from the middle 
line. 

Equipment of Tents 

For elevating the tents over the trees, either poles or 
derricks are used, the latter being necessary only for very 
tall trees. Fourteen- and sixteen-foot poles are most 
commonly used. One end is sharpened to prevent its 
slipping on the ground. To the other end is fastened a 
rope about three feet longer than the pole. Sometimes 
rings are attached to the edge of the tent, and these are 
slipped over the ends of the poles; it is usually more 
satisfactory, however, to double-lap the edge of the tent 
over the ends and secure it firmly by a half-hitch of the 
pulling ropes. 

Generators 

Another part of the outfit is the set of earthen jars or 
containers called generators. These are made especially 
for the purpose, usually without covers, and of two gallon 
capacity. The two gallon size is preferred, as it is large 
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enough to accommodate 20 ounces of cyanide in medium 
sized lumps without boiling over. When trees requiring 
more than this amount are to be fumigated, two or more 
generators may be used under one tent. Generators with 
lids are desirable as the lids not only aid in throwing the 
gas outward but prevent spattering of the acid on to 
the tent. Acid holes in tents cause serious leakage, 
reduce efficiency, and necessitate frequent and expensive 
patching. So far, however, no lids manufactured have 
proved entirely satisfactory. The most improved type of 
generator has the outside of the bottom. flat as usual but 
the inside of the bottom is cup-shaped, with the depres- 
sion in the center. This is a great advantage when work- 
ing with very small trees as it assures a more thorough 
decomposition of the small quantity of cyanide used for 
each charge. 

Still another part of the fumigating outfit is the supply 
cart in which are carried the cyanide, sulfuric acid, water, 
scales for weighing the cyanide, graduated glass for meas- 
uring the acid and water, rubber gloves, dosage schedules, 
and lantern. There- is on the market an excellent supply 
cart designed especially for this purpose which is highly 
desirable where funds will permit, although simpler and 
less expensive carts answer very well. 

Cyanide 

Potassium cyanide was used in all fumigation work until 
recently. Now, however, sodium cyanide is used eselu- 
sively for the reason that it is not only cheaper but will 
supply a larger amount of hydrocyanic acid gas. The 
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cyanide should be kept dry in storage and exposed to the 
air as little as possible, since moisture decomposes it. 

Acid 

Sulfuric acid for fumigating should be about 66° 
Baume, which is approximately ninety-three per cent 
pure. It is sold either in iron drums containing about 
2000 pounds or in glass carboys of about ten gallons 
capacity. On account of its corrosive action glass or 
earthenware containers are used for distributing the acid 
in the field. A replaceable copper or glass pipe fitted into 
the bottom of the container on the supply cart is con- 
nected with a rubber tube bearing a large pinch-cock for 
regulating the flow. Care must be used in l^andling the 
acid as it will quickly burn wherever it comes in contact 
with the skin; for this reason, rubber gloves are advisable. 

It has been found that the 1-1 §-2 formula recom- 
mended by the Bureau of Entomology is most economical 
and produces a complete reaction. This formula calls 
for 1 fluid ounce of commercial sulfuric acid, 1^ ounces 
(avoirdupois) 129 per cent sodium cyanide, and 2 fluid 
ounces of water. The water is measured and placed in 
the generator first, then the acid is measured and poured 
into the water. Lastly, when everything is in readiness, 
the cyanide is weighed and placed in the solution, the 
operator quickly retreating and closing the tent; 

The addition of water to the acid is very important. 
It dilutes the acid and raises the temperature of the 
mixture, thus accelerating the evolution of gas. The by- 
product resulting from the reaction is sodium sulfate, 
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a solid. The water dissolves this solid as fast as it is 
formed and prevents it from forming a coating over the 
lumps of cyanide and retarding the reaction. If sufficient 
water is not used, the sulfate will solidify, thus '‘freez- 
ing’’ the residue, as it is called. This necessitates extra 
labor in emptying the generators. When concentrated 
acid is diluted with an equal amount or more of water, 
nearly pure hydrocyanic acid is given off. If the con- 
centrated acid is used without water another gas known 
as carbon monoxide is formed. 

The cyanide should always be used in lumps about the 
size of a hen’s egg. If finely powdered cyanide is used, the 
reaction is too violent and endangers the operators. If 
the cyanide should be dissolved in water before the acid 
is added, the reaction will be so violent as to be classed 
as an explosion, greatly endangering the operators and 
injuring tents and trees. Paper bags are no longer used 
for depositing the cyanide in the generators. Cakes of 
compressed cyanide weighing one ounce each are now on 
the market, and have proven very satisfactory and 
convenient. Under proper conditions the evolution of 
gas will have been completed in about five minutes. 

Operation 

An orchard requiring fumigation should be thoroughly 
examined regarding the slope of the land, length of tree 
rows, convenience to water supply, smoothness of the 
ground over which the supply cart is to be drawn, and 
similar factors which influence the ease of operation, A 
tent and a generator are unloaded at each tree and tihe 
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teats unfolded ou the side away from, the direction in 
which they are to be moved. Commencing at one end 
of the TOW, the tent pullers fasten the two poles to the 
edge of the tent in the manner previously described, place 
the sharpened ends of the poles on the ground at the sides 
of the tree opposite the trunk, and holding the bottom 
of the pole to the ground with one foot, pull oh the rope. 
When the poles are so elevated that they no longer slip, 
each puller moves away from the bottom of the pole and 
out from the tree so that the continued pulling will bring 
the edge of the tent over the tree aud down on the other 
side. When thus covered, the edge of the tent should 
be kicked in so that it hangs evenly all around and does 
not inclose unnecessary space. After the tree has been 
fumigated the required length of time, the tent can be 
pulled over on to the next tree by this same process with- 
out lowering it entirely to the ground. 

The next step in the process is the calculation of the 
approximate space inclosed by the tent and the proper 
dosage to use. Schedules given on pages 450 to 453 
indicate the .proper dosages for the principal citrus in- 
sects which require treatment. Enowing the distance 
over the tree (found as previously directed) and the cir- 
cumference of the tent near the base, one will have no 
difficulty in using the tables. The number found at the in- 
tersection of the vertical and horizontal rows on the table 
indicates the number of ounces of cyanide to be used. 

With the ordinary outfit of five men, the work may be 
distributed as follows : two men handle the tents, a third 
takes the measurements and calls them out to the men 
at the supply cart, who immediately consult the dosage 



Fig. 151. — Flashlight picture of marked* fumigation tents 
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table, weigh out the cyanide, and measure the sulfuric 
acid and water into the generator. 

While the cyanide man lifts the edge of the tent, the 
other places the generator underneath. The former then 
puts in the cyanide and drops the tent. While the chemi- 
cal men are thus applying the proper dosage to one tree, 
measurements are being made on the next and the process 
is repeated until the entire row is fumigated. 

Fumigation gangs are usually equipped to handle about 
thirty tents at a throw,’' as they call it. When kept 
busy these 30 tents are thrown ” or moved once in every 
forty-five minutes or once every hour as the variety of 
scale will determine. Thus, except with very large trees, 
the number of trees fumigated per night does not vary 
according to the size of the trees, the difference simply 
being a difference in the time the men have to rest between 
throws, as all must be left over the trees a stated period 
of time. As a rule fumigators, when the nights are favor- 
able, begin work about 5 p.m., and if the night is not too 
cool or a fog arises, will work till 6 A..M., giving a twelve- 
hour night if an hour is taken off at midnight for lunch 
and rest. Thus with twelve-hour nights and throws every 
hour, a gang operating 30 tents will fumigate about 3§ 
acres provided the trees are planted regularly twenty feet 
apart each way. Fumigating in short rows, on contours, 
or in rough ground is slower, of course. 


Sea^cm of Fumigation 

The time of year at which fumigation is done depends 
upon two factors, the life-stages of the scale insect and 
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the condition of the tree and fruit. Most of the fumiga- 
tion in California is carried on between the latter part of 
August and the middle of January, as during these months 
the black scale is most successfully reached and the fruit 
is large enough to escape the injury which sometimes 
occurs when it is young and tender. As previously men- 
tioned, fumigation is ordinarily done at night when the 
air is cool. Occasionally the work may be done on dark 
cool days, but day work is quite apt to result in burned 
foliage and fruit. Fumigation is not advisable when the 
temperature falls below 38^ F. or rises above 65^ F. as 
the operator runs some risk of injuring the trees if the 
work is done much outside these limits of temperature. 
Another natural factor which operates against successful 
work is a strong breeze, which may either hasten the escape 
of the gas from the tent or greatly injure the side of the 
tree on which the gas becomes densest. Cases of serious 
injury to trees which were said to have resulted from 
fumigation when the foliage was wet have been frequently 
reported. Careful experiments along this line, on the 
other hand, show that the presence of moisture on the trees 
can be ignored so far as direct action of the gas is con- 
cerned. Due, however, to the fact that the tents become 
so heavy and retain so much more of the gas on a wet 
than on a dry night, it is advisable to stop fumigating 
after the foliage and tents become thoroughly damp. 

The insect pests against which fumigation is generally 
directed are the black, purple, red, yellow, and citricola 
scales. The susceptibility of these scales to the gas varies 
more or less, and accordingly several dosage schedules have 
been worked out. . Experiments by Woglum in fumigating 
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for the purple scale demonstrated that the best results 
were obtained by one and one-half ounces of potassium 
cyanide to every one hundred cubic feet of air space 
under the tent, the fumigation continuing for one hour, 
by the end of which practically all gas had escaped. 
This is designated as dosage schedule A and upon this 
the other schedules are based. The three-quarter schedule 
for 129 per cent sodium cyanide is the one almost univer- 
sally used at the present time. 


Dosages 

For the purple scale, dosage schedule No. f sodium 
cyanide should be used with an exposure of one hour. 

For red and yellow scales, dosage schedule No. f is 
recommended with an exposure of forty-five minutes to 
one hour. 

For black scale, the dosage varies. When the insects 
are in the young and tenderer stages, f of schedule A is 
sufficient, and it is during these stages that fumigation is 
advisable. 

Dosage schedules A for sodium cyanide and No. 110 per 
cent A are reproduced on pages 446, 447 and 444, 445 
respectively. They have been tested out experimentally 
in actual field operations by Woglum. Copies of these 
schedules printed on cardboard may be secured from 
the U. S. D. A. Bureau of Entomology, or from dealers 
in fumigators' supplies. While using the dosage sched- 
ule in the orchard, it should be framed with a clear 
celluloid or glass cover, as otherwise it will soon become 
so worn and dirty as to be illegible. 
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New Woodworth Dosage Table 

C. W. Woodworth has recently suggested a new way 
of calculating dosage which appears to have the advantage 
of greater simplicity and accuracy. 


Dosage Table — Sodium Cyanide 


Relative Si2B 

Dose 

Purple Scale 

Dose 

Black Scale 


64 ft. 

40 

oz. 

20 oz. 


61 ft. 

46 

oz. 

18 oz. 


58 ft. 

32 

oz. 

16 oz. 


55 ft. 

28 

oz. 

14 oz. 


52 ft. 

24 

oz. 

12 oz. 


50 ft. 

20 

oz. 

10 oz. 


47 ft. 

18 

oz. 

9 oz. 

Minimum Dose 

44 ft. 

16 

oz. 

8 oz. 


41 ft. 

14 

oz. 

7 oz. 

Leakage 

38 ft. 

12 

oz. 

6 oz. 

.40 % 

36 ft. 

10 

oz. 

5 oz. 


33 ft. ' 

9 

oz. 

4J oz. 


30 ft. 

8 

oz. 

4 oz. 

-35 % 

28 ft. 

7 

oz. 

oz. 


26 ft. 

6 

oz. 

3 oz. 


24 ft. 

5 

oz. 

2| oz. 

.30% 

21 ft. 

4 

oz. 

2 oz. 


19 ft. 

3^ oz. 

li oz. 


16 ft. 

3 

oz. 

IJ oz. 

.26% 


2J oz. 

li oz. 



2 

oz. 

1 oz. 

.20% 


li oz. 

i oz. 



1 

oz. 

i oz. 

.15% 


i oz. 

i oz. 

.10% 


(Relative size equals distance over plus 1 for each 5 ft. of 
difference between measTirements.) 
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In explanation of this new system Prof. Woodworth 
has submitted the following : 

The possibility of adding to the distance over an 
amount dependent on the difference between the two 
measurements which will indicate the proportionate size 
of a tent gives us what we may call the ^relative size’ of 
the tent. If the proportions of a tent remained constant, 
the difference over could then be taken as the relative size. 
Since the distance around always equals or exceeds the 
distance over, we may select as standard a tent with these 
tw'o measurements equal. The amount to be added to 
this to allow for wider and shorter tents is one-fifth of the 
difference between the two measurements. Thus a tent 
20 X 30 would have a relative size of 22, and should have 
a dose equal to that of a tent 22 X 22. 

The adoption of this plan of relative sizes makes it 
possible to present a table of dosage in a very simple 
form, and to make the adjustments for different degrees 
of leakage also very easy. 

In the foregoing table the first column gives the rela- 
tive sizes corresponding to the series of doses shown in 
the second and third columns suitable for tents having 
the average leakage of 25 per cent. 

The adjustment for leakage is equally simple. Oppo- 
site each per cent given in the table is the minimum dose. 
No matter how small the tree, if a tent leaks 40 per cent, 
the dose for purple scale should not be less than 12 oz. 
Indeed, it is unwise to attempt to fumigate with a tent 
of this degree of leakage except when big enough to hold 
a sufficient body of gas without its being too concentrated 
at the time of generation for the safety of the tree.” 
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Costs 

Cyanide costs by the ton about 22 cents a pound. Con- 
tract fumigators usually furnish the cyanide at 30 cents a 
pound, including the acid for generation. The sulfuric 
acid alone costs about If cents a pound. Laborers receive 
pay by the hour. The rate is usually 35 cents an hour, 
while the foreman receives 50 cents an hour. Most trees 
fumigated require between five and eighteen ounces of 
cyanide. A supply cart completely equipped may be had 
for about $35. Two gallon generators cost about 45 
cents each. Tents cost from $12 to $50 each, according 
to size. The thirty-six foot tent costs ready-made from 
$25 to $30 each. The cost of thirty 45-foot tents of special 
7-ounce drill, together with the other equipment necessary 
to complete the outfit, will cost about $1400. 

Recently a fumigating machine has been invented 
which quickly generates the gas in a large metal drum by 
mixing a water solution of cyanide and acid. The gas is 
discharged directly into the tent through a four-inch hose. 
The use of this machine makes generators unnecessary 
and prevents all acid holes in the tents. It is now being 
widely experimented with. 


CHAPTER XXIV 


VARIOUS ORCHARD PESTS AND THEIR 
CONTROL 


There are several pests other than insects with which 
citrus growers are apt to have to deal. A knowledge of 
the habits of animals such as gophers and ground squirrels 
is necessary before intelligent methods of repression can 
be adopted. Recently the citrus root nematode has at- 
tracted much attention, and a rather detailed account 
of its habits and life history will no doubt prove of quite 
general interest. 


Citrvs Nematode (Tylenchid'us semipenetrans) 

As stated in Chapter XXI this worm has been suggested as 
the cause or one of the causes of mottled-leaf. On account 
of the popular interest in the nematode and the great diver- 
sity of opinions regarding it, space is given to a more or 
less detailed account. The data here presented has been 
largely condensed and adapted from Cobh.^ 

This citrus nematode was first noticed by J. R. Hodges of 
Covina, California, in 1912, and first mentioned in print by 
B. R. Jones.^® A preliminary report was later published by 
E. E. Thomas of the University of California. 


IN A Cobb, “Citrus-root Nematode," Journal of Agri- 
cxdtural Research, Vol. II, No. 3, June, 1914, pp. 217-230. 

® Los Angeles County Hort. Com. Bull. N o. 1, 1913, pp. 7^ 

73. 
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This species of nematode is found only on the roots of 
citrus trees although it occurs in all parts of the world where 
citrus trees have been grown for any length of time. The 
worms are very minute, being barely visible to the unaided 
eye. The males are smaller than the females and probably 
do not attack citrus roots. In fact, it is thought that the 
males do not take food while in the perfect stage. The eggs 
are large and thin shelled, and are deposited one at a time 
in batches of twelve to twenty or more, and are sometimes 
incased in gummy matter. The eggs hatch in a day or 
two into colorless larvae which make their way to the nearest 
citrus root to which the females attach themselves in more or 
less well defined groups. These groups are very quickly 
scattered along the fine fibrous feeding roots in enormous 
numbers. The effect is to sap the vitality of the tree and 
kill the feeding roots. The movements are slow and weak 
and the worms cannot migrate through the soil to any great 
distance. 

The females possess an oral spear with which they force 
the head end into the tissues of the root. That part of the 
body within the root enlarges somewhat so that it is impos- 
sible for them to withdraw. They remain fixed for the rest 
of their lives, although the exposed part of the body may be 
moved back and forth. The food consists of sap and pro- 
toplasmic cell contents. The entire life cycle occupies from 
six to eight weeks. 

A predaceous nematode of large size {Mononchus papil- 
latics) has been found to occur also in the soil about citrus 
roots. The Mononchus preys regularly upon the males and 
larvae of Tylenchulus, swallowing them whole. To what 
extent the Mononchus may be able to control the citrus 
nematode is not at present known. 

The citrus nematode affects the different stocks about 
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equally. It has so far been found in abundance on the sour, 
sweet, and trifoliate oranges and on pomelos. 

There can be no doubt that Tylenchulus semipenetrans is 
an injurious parasite. There is conclusive evidence that it 
kills the feeding roots of citrus trees. The roots die either as 
a direct result of the attack of this parasite or of the attack 
of other organisms following in its wake; in other words, 
the nematode is a primary cause of the death of the feeding 
roots. Many cases have come under observation in which 
it was apparent that, had it not been for the nematode, the 
roots would have remained in a healthy condition. The 
evidence along these lines is of the same character as that 
which is relied on in demonstrating injuries due to insects 
and other macroscopic parasites. 

“The extent of the damage which may properly be charged 
up against this parasite is a different matter, and it will be 
necessary to collect evidence along this line for several years 
before a final statement can be made. Up to the present 
the data obtained indicate unquestionably that the investi- 
gations should be continued. 

The citrus nematode is very readily distributed from place 
to place on the roots of nursery stock, and this is especially 
true when the trees are balled for shipment. The question 
as to just how much importance to place upon inspection and 
quarantine in connection with this parasite cannot be an- 
swered at the present time. In order to be on the safe side 
it is well for buyers to specify that the trees be free from 
nematodes. Control measures such as injecting carbon 
bisulfide and lime water into the soil are being widely ex- 
perimented with, but so far without any very promising re- 
sults. Vaile^ has shown that nematodes are killed by sub- 
mersion in hot water at a temperature of 120° F. for ten 

1 Anmial Rpt. Ventura County Hort. Com., 1913, p. 10. 
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minutes. This treatment did not kill the roots entirely, al- 
though some of the fine feeding roots were injured. This 
is not considered important because when trees are trans- 
planted with bare roots they put out new feeding roots 
anyway. It is possible that some such method of treatment 
may soon be devised by which infested nursery stock may be 
freed from the pest. 

The Pocket Gopher (Geomys bursarivs) 

Gophers often cause serious damage to citrus trees by 
girdling young trees at the surface of the ground and by chew- 
ing the bark from the crown roots of older trees. They are 
especially troublesome in orchards . near alfalfa fields in sec- 
tions where open ditches are used for irrigation. Gophers 
will run for considerable distances over the surface of the 
ground at night, and entering an orchard without warning 
begin to dig their runways. The runs extend for long dis- 
tances underground and are vexatious nuisances when irri- 
gating. Gophers may be controlled both by poisoning and 
by trapping. 

In trapping use a small wire spring trap and set it delicately 
so it will spring easily. Then open the run under a recently 
made pile of fresh dirt and insert the trap, pushing it well 
back into the run. If the run goes both ways, put in two 
traps to make sure. Then close up the holes with grass or 
sod so that just a little light can enter. The gopher will 
soon notice the light, and in attempting to close the opening 
will be caught. It is well to attach a long string to the trap to 
prevent their being lost if pulled for some distance back into 
the hole. Any attempt to drown a gopher by turning irrigation 
water into the hole will not succeed unless the entire surface 
of the ground can be flooded as is possible in alfalfa fields. 

Strychnine is probably the most effective and safest poison 
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for general use. A sirup poisoned with strychnine is very 
easily prepared and will be found very effective. It is made 
according to the following formula recommended by the 
U. S. Bureau of Biological Survey: '^Dissolve an ounce of 
strychnia sulfate in a pint of boiling water. Add a pint of 
thick sugar sirup and stir thoroughly. The sirup is usually 
scented by adding a few drops of oil of anise, but this is not 
essential. If preserved in a closed vessel, the sirup will keep 
indefinitely.” This quantity will poison about thirty pounds 
of shelled corn or grain, preferably corn. The grain should 
be soaked in water overnight and then soaked for several 
hours in the poisoned sirup. The dry strychnine may also 
be used by introducing a very small quantity on the point 
of a knife into carrots, beets, sweet potatoes, entire raisins, 
or prunes. Such poisoned bait is then placed carefully in 
the freshly open holes, or in the runways. There are many 
prepared gopher poisons on the market which may be pur- 
chased if one does not care to go to the trouble of mixing the 
strychnine as directed. 

The use of carbon bisulfide for killing gophers is recom- 
mended where the soil is moist and the burrows not too ex- 
tensive. In dry soil, the gas escapes too rapidly to make its 
use effective. The bisulfide may be poured over a bunch of 
cotton waste or other material and this pushed quickly into 
the burrow, which should be closed at once. Since carbon 
bisulfide is highly inflammable a very common method of ap- 
plication is to ignite the cotton waste after it is placed in 
the burrows as deeply as possible ; the gases produced by 
ignition are poisonous and seem just as effective "a killing 
agent as the liquid bisulfide. On account of the danger of 
explosion to the operator and the liability of starting grass 
fires, the use of bisulfide by ignition is not so advisable as by 
the former method. Special injectors for forcing the bisulfide 
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into the burrows are on the market and are more effective 
than the hand method. 

Recently a new method of attack has been discovered which 
is said to work well where only a few gophers have to be 
dealt with. An automobile is placed over the hole and a short 
hose attacked to the exhaust, the other end being inserted 
in the gopher hole and packed with moist soil. After turning 
an extra amount of lubricating oil into the cylinders for the 
purpose of making a smoky gas, the engine is started. If 
smoke is emitted from any hole in the vicinity it is promptly 
plugged. A few minutes of this treatment naturally pro- 
duces a condition fatal to the gopher. 

Ground Squirrels (Citellus beecheyi) 

These animals overrun California, occurring by millions 
in the interior valleys, where they destroy large quantities 
of grain, almonds, and dried fruit. They may do great dam- 
age to citrus orchards and nurseries but, unlike the gopher, 
their depredations are largely confined to orchards situated 
near grain fields or brush land. Railroad embankments, 
canal banks, and roadsides are favorite places for squirrel 
burrows. The animals live mostly on grain, nuts, acorns, and 
weed seeds, but during the rainless summer and fall, when 
the green herbage dries up, they are apt to visit citrus trees 
and gnaw the bark. A few squirrels may quickly ruin a 
large number of trees when the young trees have just been 
planted out. 

Ground squirrels may be poisoned in the same way as 
gophers, poisoned barley or wheat being most commonly used 
for this purpose. Whole barley threshed but still retaining 
its rough outer husk will not be eaten by birds, so it should 
always be used in this form. The following formula and di- 
rections for preparing poisoned barley are suggested : 
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Whole barley 20 pounds 

Vinegar Ij pints 

Strychnia sulfate ounce 

Honey 1 pint 

Cyanide of potassium 1 | ounces 

Eggs 1 dozen 


Pulverize the strychnine in the vinegar and see that it all 
dissolves. Dissolve the cyanide in a little water. Beat the 
eggs thoroughly. Mix all the ingredients together and stir 
well before adding to the barley. Stir at intervals during 
the next few hours and dry before using as it will mold if put 
away wet. Grain coated with poison is more effective than 
grain soaked in poison for the reason that much of the grain 
being gathered, carried into the burrows and stored for 
winter use is not immediately effective. When the grains 
are coated with poison, enough will be absorbed by the cheek 
pouches during transit to produce death. 

Another very effective poison during the dry season is 
halved ripe cull oranges, upon the cut surfaces of which 
strychnine has been smeared. 
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INDEX 


Abrasions, how caused, 278. 

Absentee ownership, 356. 

Acid, contained in fruit, 63 ; sul- 
furic for fumigation, 439 ; loss of 
in respiration, 287. 

Acreage, citrus, in California by 
counties, 22 ; in California in- 
creasing, 354, 

Advertising, division of Exchange, 
350, 351. 

Agents, bonded salesmen of Ex- 
change, 348. 

Air, importance of in soil, 165. 

Alfalfa, as intercultnre crop, 159; 
as a mulch, 173 ; as cover-crop, 
182. 

Alignment, of fruit in box, 138, 

Alternaria, affecting stored lemous, 
382. 

Alternaria citri, causing fruit decay, 
388. 

Ammonia compounds, prejudicial 
to citrus trees, 372 ; as a cause 
of mottled-leaf, 379. 

Analyses of soils, 175. 

Antiquity of citrus fruits, use in 
Hebrew ceremonies, 40. 

Aphids, 427. 

Aphis gossypii, 427. 

Aramigus fulleri, 429. 

Arizsona, citrus production in, 23. 

Armillsiria naellea, 145, 373, 

Artesian wells, for irrigating, 1^2. 

Artificial coloring, by sweating, 
284; federal legislation regard- 
ing, 285. 


Asher, J. M., 20. 

Asphaltum, paint for woimds, 227 ; 
in fuel oil, 260 ; for wash tanks, 
386. 

Aspidiotus hederse, 420. 

Aspidiotus rapax, 420. 

Assessments, for expenses of Ex- 
change, 348. 

Associations, 345; afiBliated with 
Exchange, 301; first organized, 
8; organization of, 351. 

Atmometer, records at Whittier 
and Riverside, 189. 

Atmospheric humidity, effect on 
citrus tre^ and fruit, 34. 

Aurantium, derivation of word, 41. 

Australia, frost in, 25; introduc- 
tion of NTavel orange, 15; ship- 
ping oranges to, 344; source of 
cottony cushion scale, 6. 

Austrahan Navel orange, introdue- 
tion of, 16, 

Australian type, 128. 

Automatic weighing, of individlual 
grades, 292. 

Automobile, used in killing gopha-s, 
458. 

Azores, 15, 70. 

Backus, W. H., 58. 

Bacteria, in soil, 165. 

Bacterium citriputeale, 4G1. 

Bags, for picking, 280. 

Bahia, Brazil, birthplace of 
orange, 13. 

Balling, nursery stock, 104. 
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Bare rooted, trees for planting, 157 . 

Bark, effect of Botrytis vulgaris on, 
366 ; gnawed hy squirrels, 458 ; 
new growth of, chlorophyll in, 
49 ; of sour orange resistant to 
gum-disease, 366. 

Barnyard manure, cost of, 361. 

Barometer, indicating frost, 237. 

Baronio system of pruning, 214. 

Bench-roots, 89. 

Bergamot oil, imported, 332 ; tariff 
on, 9. 

Beveling machines, 293. 

Bibliography, general, 461. 

Bigelow, W. D., 288. 

Bioletti, R T., quoted, 240. 

Bisulfide of carbon, for killing 
gophers, 457. 

Biting insects, 405. 

Bitter orange, origin of, introduc- 
tion into Plorida, 41. 

Black leaf extract, as a spray for 
thrips, 427. 

Black pit of lemon, 401 . 

Black rot of Navel, 388. 

Black scale, general discussion of, 
405. 

Black smut, 290. 

Blasting, to facilitate irrigation, 
203 ; hard soil, 156 ; to ame- 
liorate soil, 146. 

Blemishes, importance in judgihg, 
134 ; of fruit, 318. 

Blizzards, 237. 

Blue mold, 387. 

Bluestone, as a disindectant, 385. 

Bolting spMt Umhs, 229. 

Bolton, J. P., 252. 

Bonavia, E., 60. 

Boosting plants, 193. 

Bordeaux mixture, for seed-bed 
gumming, 89, 369; for wither- 
tip, 381 ; for damp-ofh, 392. 

Bordeaux paste, for gum-disease, 
366 ; for pruning wounds, 228. 

Botany of dtanus, bibliography, 485, 


Botrytis vulgaris, causing gum- 
disease, 366 ; causing fruit decay, 
388. 

Box, dimensions of lemon box, 310 ; 
material, kind of, 293 ; cost of, 
293; shooks, 292. 

Boxes, machines for making, 293; 
materials for, 292 ; size, 293. 

Breeding, references to literature, 
479 ; for frost resistance, 244. 

Brehm, 14. 

Brokerage charges, compared with 
Exchange costs, 351. 

Brown rot fruit decay, 386. 

Brown rot fungus, transmission by 
rain, 281 ; regions most seriously 
aSected, 282. 

Brown rot gum-disease, 364. 

Brown spot, of Navel orange, 326; 
description of, 389. 

Bruises, 321. 

Brushing, removal of dust by dry 
brushing, with water, 291. 

Buckwheat, as cover-crop, 182. 

Budding, time of, 95 ; nursery stbck, 
92; method of, 95; high bud- 
ding on sour-stock, 97 ; dormant 
buds, 98 ; cost, 99. 

Bud-sports, 120; how pruned, 21 1. 

Bud variation, 118. 

Bud-wood, selection of, 93, 128. 

Burr clover, as cover^rop, 182. 

By-product industry, needed in 
California, 354. 

By-products, references to litera- 
tture, 492; importation of, 331. 

California RruitGrowexs" Exchange, 
history and organization of, 345. 

California- Navel Orange, chemical 
analysis of, 62. 

California pruning saw, 225. 

Canada field peas, as cover-crop, 182, 

Canker, description of, 392. 

Capital, estimating amount needed, 
360; of Exchange, 348. 
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Capital reQuired, 358. 

Capitalization, 356. 

Carbon bisulfide, for killing gophers, 
457. 

Carbon dioxide, loss of from fruit, 
61. 

Car-load, nximber of boxes con- 
tained, 310. 

Cars, standard, 295; other than 
standard, 275 ; air spaces in, 296 ; 
bracing of boxes in, 296 ; freight 
on, 297 ; icing charges, 297. 

"‘Car SqLueeze,” 296! 

Cement dust, on fruit, 324. 

Central exchange, 348. 

Ceratitis capitata, 109. 

Chambers of Commerce, influence 
of, 11. 

Chapman, A. B., 16. 

Chapman, C. C., 71. 

Characters, segregation of, 120- 

Chemical Analyses of California 
Oranges and Lemons, 62. 

Chemical fertilizer, cost of, 361. 

Chemistry, references to literature, 
486. 

Chemistry of citrus fruits, 61. 

Chenopodium, as a cover-crop, 183. 

Chimeras, 120. 

Chinese lemon, as a root-stock, 154, 

Choice, grade, 292. 

Chrysomphalus aurantii, 411 ; var. 
citrinus, 414. 

Citellus beecheyi, 458. 

Citxanges, 79 - | 

Citrate of lime, imported, 332 ; 
tariff on, 9. 

Citric acid, imported, 332 ; manu- 
facture of, 333 ; tariff on, 9. 

Citricola scale, discussion of, 419. 

Citron, preparation of, 337 ; bibliog- 
raphy, 473 ; grown in California, 
susceptibility' to frost, variety Cor- 
sica, 89 ; imported, 332 ; introduc- 
tion into Italy, 41 ; susceptibility 
to frost, 242 ; tariff on, 9. 


Citrus areas of California, TOuthern 
coast, interior valleys, northern 
coast, 26. 

Citrus aurantifolia, 43, 45. 

Citrus aurantium, 43. 

Citrus bergamia, 43. 

Citrus bibliography, 473. 

Citrus canker, description of, 392. 
Citrus decumana, 43, 44. 

Citrus japonica, 43, 44. 

Citrus limonia, 43, 45. 

Citrus mealy bug, 421. 

Citrus medica, 43, 45. 

Citrus nobilis, 43. 

Citrus Protective League, 353. 
Citrus sinensis, 43. 

Citrus species in North and South 
America, 42. 

Citrus trifoliata, 43. 

Cladosporium citri, 395 ; herbarum 
var. citricolum, 395. 

Classification, 42. 

Clausen, R. E., cited, 381. 

Clearing land, cost of, 359. 

Cleats, proper position of, 138. 
Climate, interior valleys, 30 ; north- 
ern coast, 31 ; southern coast 
division, 28. 

Clipper cuts, 321 . 

Clippers, abrasions caused by, 278. 
Clouds, as affecting frost, 2J^- 
Cobb, N. A., cited, 449. 

Coccus hesperidum, 418. 

Colby, G. E., 288. 

Cold periods, historical, 2^. 
College of Agriculture, senriee ol, 
358. 

Colletotrichum gloec^porioM^, 
Collins, J. F., cited, 228. ^ 

Color, importance in judgmg, 1^. 
Coloring process, results of too 
rapid forcing, 290. 

Combustion, in orchard hmlera, 
253. 

Commission men, 344. 

Concrete irri^ting pipe, 194. 
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Conduction, 233. ^ 

Consumption, increase of, 354. 
Contour, planting, 150. ^ 

Convection, 233. ^ ^ 

Cooperation, first tried, 8 ; in frost 
fighting, 274. ^ 

Cooperative packing-houses, 345. J 
Copley, Edward, 252. ] 

Coquillett, D. W., 431. 

Core rot, of stored lemons, 382. 
Correspondence course, in citrus 
fruits, 358, 11. 

Cost of production, 355. 

Costs, of bringing orchard into bear- 
ing, 359. ^ 

Cotton Exposition, held in New 
Orleans, 6. 

Cpttony cushion scale, discussion 
of, 417 ; fumigation for, 431 ; in- 
troduced, 6. 

Cottony mold, 383. 

Cottony-mold fungus, on vetch 
cover-crop, 182. 

County Commissioners of Horti- 
culture, 110. 

Cover-crop, advantages of, 181 ; 
disadvantages of, 182 ; kinds, 
182 ; references to literature, 484 ; 
harbors cottony mold, 383; 
plowed . under, 166 ; relation to 
mottled-leaf, 379. 

Cover, T. D., first exhibited Navel 
orange, 18. 

Cowpeas, as cover-crop, 182. 

Cracks, in oranges, 326. 

Craw, Alexander, 20. 

Creosote, 227. 

Cross-furrowing, for irrigation, 201. 
Cross-pollination, 123, 115, 116. 
Crown gall, occurs on citrus, 
401. 

Cucumber beetle, 430. 

Culls, removal of, 315. 

Cultivation, 165 ; depth of, fre- 
quency of, 168. 

Cultivator scars, on fruit, 321. 


Curing, advantages of, 278 ; refer- 
ences to literature, 489. 

Cuttings, propagation by, 92. 
Cyanide, 438. 

Damp-off fungus, in seed-bed, 88. 
Damping off, of seed-bed stock, 391. 
De Candolle, 40. 

Decay, in pruning wounds, 226 ; 
in transit, effect of icing on, 297 ; 
in oranges, causes of, 277 ; in 
dropped fruit, 279; in stored 
lemons, 308 ; splits a cause of, 
327. 

Defoliation, by frost, 242. 
Degenerate types of trees, 357. 
Degeneration of trees, due to 
suckers, 209. 

Demonstration trains, influence of, 
11 - 

Desiccating winds, cause of twig 
gumming, 367. 

Dew, as affecting frosts, 235. 

Dew point, raising of, 246. 
Diabrotica soror, 430. 

Die-back, see exanthema, 369. 
Digging holes, for trees, 155, 
Dimorphic branches, of orange 
trees, 208. 

Diplodia rot, due to Diplodia 
natalensis, 397. 

Discount, in cars other than stand- 
ard, 295. 

Diseases, prevention important, 
357 ; bibliography, 499 ; control, 
364. 

Disinfection, of wash water, 385. 

. Distance apart, of trees, 149. 
Distillate oil, as a spray for scale, 
432. 

Distributing costs, 352. 
Distribution, of fruit by Exchange, 
348. 

- District exchange, 347. 

Diversion of cars, right of, 298. 
Domestic recipes, 341. 
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Dosage for famigatioB, calculating, 
441, 444; schedules, 444-447. 

Double clipping, 279. 

Dressings for wounds, 227. 

Dropped fruit, decay of, 279. 

Dry center, of lemons, 329. 

Drying, of fruit, 291. 

Dynamite, 146. 

Early ripening, of oranges in 
Northern California, 288. 

Early shipments, losses in, 283. 

Electric orchard heaters, 250. 

Electric railways, influence of, 10. 

Elewation, effect of in Interior 
Valley, 30. 

Elm, affected by mottled-leaf, 376. 

Employees, provision for, 316. 

Englehardt, J. P., 69. 

Enasymatic fermentation, of fruit, 
61. i 

Eriophyes cleivoius, 424. 

Erodium, as cover-crop, 183. 

Essence of orange flowers, 338. 

Essential oils, manufacture of, 334. 

Etrog, 40. 

Eucalyptus, affected by mottled- 
leaf, 376. 

Eureka lemon, pollination of, 55; 
chemical analysis of, 62; how 
pruned, 214. 

Euthrips eitri, 425. 

Evaporation, as affecting tempera- 
ture, 233 ; from porous cup 
atmometers, 189 ; from soil, 165. 

E*ver-8poTting trees, 211. 

Exanthema, causing blemishes on 
fruit, 325 ; description of, 369. 

Exchange, relation to other selling 
agencies, 345 ; cost of operating, 
351 ; Southern California Fruit 
Exchange first organized, 8. 

Exhibitions, judging fruit at, 132 ; 
influence of, 12. 

Explosions, in orchard heaters, 
255. 


Fairs, first citrus fairs, 5. 

F ancy, grade, 292. 

Fawcett, H. S-, cited, 397. 

Feature exhibits, judging, 138. 

Federal Board of Food and Drugs 
Inspection, ruling regarding col- 
oring of green citrus fruits, 285 ; 
effect of ruling regarding artificial 
coloring, 285. 

Fenugreek, as cover-crop, 182. 

Ferrarius, John Baptiste, 13. 

Fertilization, of seed-bed, 88; bib- 
liography, 483 ; of nursery stock, 
92 ; of orchards, 175 ; a type of, 
178. 

Fertilizer, in planting holes, 157 ; 
cost of, 359. 

Field box, ratio of to packed box, 
295. 

Filaree, as cover-crop, 182. 

Fingered lemons, 120. 

Flavor, importance in judging, 136. 

Florida Citrus Exchange, organiza- 
tion of, 353 . 

Mowers of citrus, description, 
season, 52; of lemon, different 
kinds of, 54. 

Fluctuations, 118, 128. 

Foot-rot, 372. 

Form, importance in judging, 133. 

Fortunella, 43. 

Freezing in transit, prevention of, 
298. 

Freight, cost of, 360. 

Freight rate, on lemons, 312. 

Freight rates, 297. 

Friendly fungi, 396. 

Frost, efifect on fruit on lower 
branches, 281 ; in countries pro- 
ducing citrus fruits, 25 ; hazard, 
33; air currents, 34; effect on 
value of land, 140 ; where to be 
expected, 140; of January, 1913, 
231; losses from, 232; factors 
influencing, 234 ; local conditions 
affecting, 236 ; relative resist 
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ance to, 242 ; causing blemishes C 
on fruit, 325 ; a frequeat cause C 
of failure, 357. ^ 

I'rost fighting, bibliography, 494. C 
Trost hazard, judgment of, 141. C 
Trost-injured fruit, references to C 
literature, 494. ^ ^ 

Trost injury, to vegetable tissues, 
239 ; on leaves, 368 ; prevention < 
of, 243. < 

Frost protection, average cost of, < 
361. ^ 

Frosted fruit, separation of, 270. < 

Frosted trees, how pruned, 217. ^ 

Frosts, as affected by winds, 233 ; < 
in Florida, 230; in California, < 
231 ; season of in California, 232 ; 
forecasting, 233. 

Fronde, Charles, 252. 

Frozen fruit, changes in, 241; 

edible, 241 ; loss of juice, 241. 
Fruit Growers’ Supply Co., organi- 
zation, 301 ; purpose, 301 ; ac- 
complishments, 301. 

Fuel oils, properties of, 260 ; stor- 
age of, 262. 

Fuller’s rose beetle, 429. 

Fumigating, machine, 452 ; cost of 
materials, 452 ; cost of, 361 ; 
done by associations, 347 ; large 
seedlings difficult to cover with 
tents, 65. 

Fumigation, 431 ; season of, 443 ; 
operation, 440 ; cost of, 448 ; 
efficiency of, 403 ; bibliography, 
497; scars, 322. 

Fumigator’s supply carts, 438. 
Furrows, for irrigation, 201. | 

Fusarium, causing damp-off, 391. 

Galloway, B. T., quoted, 239. 

Galls, on citrus trees, 401. 

Garey, T. A., 4, 71, 74; introduc- 
tion of varieties, 16. 

Generators, fumigation, 437. 
Geomys bursarius, 456. 


Germ-plasm, 211. 

Glac6d kumquats, 341. 

Glcnosporium limetticolum, 381. 
Gopher, 456. 

Gore, H. C., 288. 

Grades, of fruit, 292. 

Grading, fruit, 292 ; land, cost of, 
359. 

Grafting, nursery stock, 92. 

Grape fruit, see pomelo, 7 5. 

Gravity frost, 237. 

Gray mold, of fruit, 388. 

Gray scale, 419. 

Greedy scale, 420. 

Green manure crops, 181. 

Green manuring, references to litera- 
ture, 484. 

Oreen mold, 387. 

Ground squirrels, 458. 

Growth rings, in wood of lemon, 
47. ■ ^ 

Guaymas, citrus industry at, 24. 
Gum-disease, of seed-bed stock, 89, 
368 ; in pruning wounds, ^29 ; 
caused by tillage implements, 
172 ; carried by shoes of pickers, 
280. 

' Gum-diseases, 364. 

; Gum, formation along cambium, 49. 

5 Gumming, resistance of sour stock 
L to, 152- 

; Hail scars, 323. 

; Hairy vetch, as cover-crop, 182. 

, Hammott, W. H., cited, 235. 

Hardpan, 143; presence of, in In- 
terior Talley, 31 ; as affecting 
irrigation, 203. 

Harrowing, 168. 

Hart, E. H., 71. 

Harvest season, of oranges, of 
lemons, 63. 

!- Hauling fruit, average cost of, 360. 
Heading back, nursery trees, lOO. 
Hiding trees, 205. 

Heat, loss of, 233. 
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Hedges, Florence, cited, 401. 

Hemispherical scale, 420. 

Hermosillo, citrus planting at, 24. 

Hesperides, The, 13. 

Hesperidin, 241. 

Hexagonal planting, 148. 

Hilgard, E. W., quoted, 196, 431. 

Hodges, J. R., cited, 378, 449. 

Hoeing, under trees, 172. 

Holes, for tree planting, 155. 

Holt, L. M., 18. 

Honey-dew, 407 ; excreted by 
mealy bug, 421. 

Hongkong, shipping oranges to, 344. 

Horticultural inspection, cost of, 

iir. 

Hume, H. H., 76. 

Humidity, for stored lemons, 308. 

Humus, produced by mulch, 173 ; 
general discussion of, 178; lack 
of, a cause of mottled-leaf, 378. 

Hybridization, 115. 

Hybridizing, facility of between 
species, 42. 

Hybrids, production of, distribu- 
tion of, 79. 

Hydrocyanic acid gas, first used in 
fumigation, 431. 

Icerya purchasi, description of, 
417 ; introduced, 6. 

Icing charges, 297. 

Icing of cars, effect of precooling 
on, 298. 

Icing, of lemons in transit, 312. 

Ikeda, T., 56. 

Immature fruit, sweating of, 282; 
shipment of, 283 ; losses in ship- 
ments of,* 283 ; Florida law on, 
283 ,* acid test for, 284. 

Improvement through bud selec- 
tion, 115. 

Independent shippers, 345. 

Infection, by spores, 277. 

Injuries, to fruit in packing, 322. 

Insect pests, bibliography, 496. 


Insects and control, 403. 

Inspection, horticultural, 6. 

Insurance, division of Exchange, 
350- 

Intercropping, 159. 

Interstate Commerce Commission, 
re-icing rate of, 298. 

Investment, in citrus properties, 
359. 

Irrigating system, cost of, 359. 

Irrigation, 179 ; as frost protection, 
247 ; overhead, 199 ; by basins, 
200 ; by furrows, 201 ; depth of, 
195; frequency of, 195; cli- 
matic conditions affecting, 188; 
of newly planted trees, 158; of 
nursery stock, 91; of seed-bed, 
87 ; bibliography, 482. 

Itinerant packers, 344. 

Jacobs, Louis, 21. 

Japan, frost in, 25. 

Japanese privet, affected by 
mottled-leaf, 376. 

Jelly, orange and lemon, 341. 

Jobber, 353. 

Jones, B. R., 449. 

I Judging orchards and land, 363 ; 
references to literature, 486. 

Juice, importance in judging, 134. 

Katydids, 430. 

Keeping qualities, effect of careful 
picking, handling and packing 
on, 297. 

Kellerman and Wright, cited, 379. 

Kerosene emulsion, formula for 
black scale, 410. 

Knots on limbs, 401. 

Koebele, Albert, 6. 

Kumquat, 43, 44; bibliography, 
472 ; description of, varieties, 
Marumi, Nagami, 83; suscepti- 
bility to frost, 242 ; glac^d, 341 . 

Labeling, of boxes, 293 ; Sunkist ” 
label, 292. 
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Labor, cost of, 360. | 

Ladders, picking, 280. 

Ladybird beetle, 417 ; for cottony j 
scale, 7. 

Land, judging, 363 ; cost of, 359 ; 
stony land, development of, 145 ; 
clearing and leveling, 145. 

Lath house, for seed-bed, 86 ; as 
protection from frost, 244. 

Lavanja de Umbigo, 13. 

Layering, propagation by, 92. 

Leaf -gumming, 368. 

Leaves, season of fall, 49 ; age of, 
49 ; variation in size and shape, 
49 ; oil glands in, 50. 

Lefferts, D. C., 272. 

Legal division of Exchange, 350. 

Lelong, cited, 13, 11 ; quoted, 33. 

Lemon, black pit of, 401 ; jelly, 
341 ; peel imported, 332 ; grades, 
309 ; storage, 306 ; buttons 
dropping, 306 ; sweating, 305 ; 
picking rings, 305 ; pools, 303 ; 
susceptibility to frost, 242 ; as a 
root-stock, 154 ; length of period 
of development, 54 ; introduction 
into Italy, 41 ; bibliography, 469. 

Lemon oil, imported, 332; tariff 
on, 9. 

Lemon peel, tariff on, 9. 

Lemons, core rot of, 382 ; cost of 
producing, 355 ; picking, 302 ; 
separating frosted fruit, 273 ; 
varieties, descriptions of Eureka, 
73 ; Lisbon, 74 ; Villafranca, 74. ; 
Bonnie Brae, 75 ; Genoa, 75 ; 
Sicily, 75 ; Messina, 75 ; Milan, 
75 ; tariff on, 9 ; standards, for 
judging, 135; sweet, description 
of, 83. 

Lepidosaphes beckii, 414. 

Level, for laying off contours, 151. 

Leveling land, 145. 

Lime (agricultural), 144; as a 
cure for mottled-leaf, 377. 

Lime (tree), bibliography, 471; 


susceptibility to frost, 242 ; tariff 
on, 9 ; description of, suscepti- 
bility to frost, varieties, sour, 
West Indian, Rangpur, Sweet, 
Mexican, 81 ; juice, preparation 
of, 339 ; imported, 332 ; oil, im- 
ported, 332. 

Lime-magnesia ratio, 377. 

Lipman, C. B., cited, 379. 

Lisbon lemon, pollination of, 55. 

Litigation, handled by Exchange, 
348. 

Local Exchange, 346. 

Location, for grove, 357. 

Longevity of citrus trees, 64. 

Los Angeles, headquarters of Ex- 
change, 346. 

Loughridge, R. H., quoted, 196. 

Lug-boxes, as carriers of infection, 
385; fumigating for scale, 409. 

McAdie, A. G., cited, 237. 

Magnesia, effect on mottled-leaf, 
377. 

Maintenance and repairs, average 
cost of, 361. 

Mal-di-gomma, 372. 

Malformation, of fruit, 326. 

Malforms and monstrosities, 120. 

Malnutrition, 371. 

Malva, as cover-crop, 183. 

Mandarin oranges, bibliography, 
471. 

Mandarhis, varieties, description 
of tangerine, 78; Satsuma, 79; 
Unshiu, 79; Dancy, 78; King, 
78; Beauty, 78; Mikado, 78; 
Oneco, 78. 

Manifest cord, 296. 

Maple, affected by mottled-leaf, 
376. 

Marketing, 344 ; bibliography, 490 ; 
disaster of 1892-93, 7. 

Marmalades, 342. 

Marsh, C. M., 76. 

Marsh pomelo, pollination of, 56. 
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Mealy bug, discussion of, 421. 
Mediterranean fruit fly, quarantine 
against, 109. 

Melanose, 394. 

Meliola canxelliae, 290, 407. 

Melon apMs, 427, 

Memberskip, in Exchange, 349; 

in Association, 357. 
MesembryanthLemum, 15p. 

Mexico, citrus industry of, 24. 
Miller, Frank A,, 22. 

Miner’s inch, 191. 

Mission orchards, distribution from, 

2 . 

Moisture content, of soils, 196. 
Money, remitted by salesmen of 
Exchange, 350. 

Mononchus papillatus, 454. 
Monstrosities, 120. 

Morelos orange worm, 24. 

Morse, F. 17., 431. 

Mother trees, for bud-wood, 94. | 

Mottled-leaf, description of, 374; 
causing blemishes on fruit, 325; 
relation to nematodes, 449. ; 

Mulching, 173, 

Mules, as work stock, 174. 

Mussey, D. N., 303. 

Mutations, 120, 211, 

Mutual protection, division of Ex- 
change, 350. 

Mail-bead rust, 395. 

Nailing, proper method, 138- 
National Orange Show, 132. 

Nayel, importance in judging, 134. 
Needhann, J. H., quoted, 74. 
Nematodes, discovered on citrus, 
378 ; on citrus roots, 449 ; life 
history described, 454. 

Neroli, imported, 332 ; tariff on, 9; 

manufacture of, 338. 

Newland, "Victor, 355. 

Nitrification in soil, 379. 

Nitrogen, as a crop limiter, 177 ; 
from atmosphere, 165. 


North, Judge, founded Riverside, 
17. 

Northern California, early ripening 
in, 288. 

Northers, as affecting frosts, 238. 

Norton, J. H., quoted, 124. 

Novius cardinalis, 7. 

Nursery stock, 84 ; packing for 
shipment, 102 ; cultivation, irri- 
gation, 102; fertilization, 102; 
balling, 103; naked roots, 102. 

Nutrition, derangement of, 374. 

Oak trees, hosts for Armillaria 
mellea, 373. 

Off-bloom, 325. 

Oil, as a fuel for orchard heating, 
252; of anise, used in gopher 
poison, 457 ; of bergamot, im- 
ported, 332 ; of lemon, imported, 
332 ; of lime, imported, 332 ; of 
neroli, imported, 332. 

Old age decay, of stored lemons, 
382. 

Oleander scale, 429. 

Ontario Fruit Grower, cited, 20. 

Orange, tortrix, 428, 

Orange, jelly, 341 ; paste, 340 ; 
marmalade, 342 ; wine, 337 ; 
juice, unfermented, 335; vine- 
gar, 336 ; peel imported, 332 ; 
susceptibility to frost, 242 ; cause 
of navel in, 61 ; pollination ex- 
periments with, 56 ; derivation 
of word, 41; time required in 
transit, 298 ; shipping under ice, 
298 ; number of fruits per box, 
195 ; boxes per car, 295 ; arrange- 
ment of boxes in car, 295 ; sweat- 
ing of, 282; thinning of fruit, 
282 ; picking to size, 282 ; decays, 
277 ; respiration of, 277 ; wrap- 
pers, cost of, 355 ; varieties, 
bibliography, 464; oil, imported, 
332; tariff on oil, 9. 

■ Orange diseases, bibliography, 468. 
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Orange growing abroad, bibliog- 
raphy, 463. 

Orange growing in United States, 
bibliography, 461. 

Orange insects, bibliography, 467. 
Orange peel, tariff on, 9. 

Orange standards, for judging, 
133. 

Oranges and lemons of India, 60. 
Oranges, cost of producing, 355. 
Oranges crystallized, 340, 

Oranges, grades of, 292; tariff on, 

9. 

Oranges, varieties of, Valencia, 70 ; 
Excelsior, 70 ; Hart’s Late, 71 ; 
Hart’s Tardiff, 71 ; Valencia Late, 
70 ; Mediterranean Sweet, 71 ; 
Paper Rind, St. Michael, 72 ; 
Ruby, 72 ; Ruby Blood, 72 ; 
Jaffa, 72 ; Joppa, 72 ; Grafton, 
72 ; Asher’s Best, 66 ; Bostram’s 
Prize, 66; Washington Navel, 
66 ; Bahia, 66 ; Riverside Navel, 
66 ; Thomson, 68 ; Buckeye, 69 ; 
Navelencia, 69 ; Nugget, 69 ; 
Australian, 69. 

Orchard heaters, requirements of, 
253 ; leakage of, 255 ; types of, 
257 ; installation of, 259 ; care of, 
267. 

Orchard heating, 230 ; cost of, 268 ; 
as insurance, 33. 

Orchard heating operations, 264. 
Orchard plans, 147 ; tractors, 174. 
Orchards, judging, 362. 
Organwation, references to litera- 
ture, 490. 

Origin of citrus fruits, 25. 
Oyer-capitalization, 356. 

Orerhead irrigation, as a protection 
from frost, 199, 247. 

Overholtzer, David, 199. 

Packed box standards, for judging, 
137. 

Packers, 293, 


Packing, references to literature, 
489; process of, 295; speed in, 
295 ; number of fruits in a box, 
295 ; ratio of field to packed box, 
295 ; average cost of, 360 ; 
lemons, 309. 

Packing-houses, for lemons, 314; 
arrangement, 299 ; fire hazard in, 
301 ; losses from fire, 301 ; insur- 
ance for, 201 ; number of, in Cal- 
ifornia, 301 ; capacity of, 301 ; 
designing and construction of, 
299. 

Palestine, source of Jaffa orange, 
72 ; frost in, 25. 

Parsons’ Navel orange, 15. 

Parsons, S. B., 70, 15. 

Parthenocarpic fruits, 55. 

Pedigreed stock, 130. 

Penicillium italicum and P. digi- 
tatum, causing fruit decays, 387. 

Performance of individual trees, 
125. 

Performance records, 128. 

Permanganate of potash, use as dis- 
infectant, 291. 

Pests, other than insects, 449 ; dis- 
tribution of, 404 ; financial loss 
caused by, 403 ; inspection and 
quarantine, 107 ; 145. 

Peteca, causing blemishes, 329. 

Petit grain oil, preparation of, 338. 

Phoma, 393. 

Phomopsis citri, 394. 

Phosphoric acid, as a crop limiter, 
177. 

Phyllosticta, 393. 

Physiological derangements, 374. 

Pickers, competition between, 317; 
payment of, 282. 

Picking, done by associations, 347 ; 
average cost of, 360; lemons, 
316 ; ladders for, 280 ; oranges to 
size, 282 ; oranges, care in, 277 ; 
bags for, 280. 

Picking bags, 280. 
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Picking lemons, 303. 

Picking season, orange, 277. 

Pipe lines, for fuel oils, 263 ; for 
water, 193. 

Placing of fruit in boxes, 138. 

Plant-food, amount in citrus culls, 
177 ; effect of bacteria on, 165. 

Planting, cost of, 359, 160 ; balled 
stock versus bare root, 157 ; 
depth of, 156; time of, 151; 
selection of site, 139 ; seed-bed 
stock, 91; 147. 

Planting-board, use of, 156. 

Planting plans, 147. 

Planting seed, 87. 

Plant lice, 427. 

Plowing, 165 ; depth of, 166 ; time 
of, 166. 

Plows, kinds of, 166, 170. 

Plow-sole, 166 ; as affecting irriga- 
tion, 203. 

Pocket gopher, 456. 

Poison, for gophers, 457 ; for 
ground squirrels, 459. 

Poiteau, 40. 

Pollination, 123 ; in citrus fruits of 
Florida, 55; in citrus fruits of 
Southwest, 45. 

Polyembryony, in hybrids, in 
citrus seeds, causes of, sig- 
nificance of, 59. 

Pomelo, subject to canker, 392; 
susceptibility to frost, 242 ; as a 
rootstock, 152 ; improvement by 
hybridization, 118 ; bibliography, 
472; picking, 312; tariff on, 9; 
standards for judging, 136. 

Pomelos, varieties, description of 
Marsh, 75 ; Nectar, 77 ; Duarte 
Seedling, 77; Duncan, 77; 
Triumph, 77 ; Imperial, 77 ; 
Colton, 77 ; Pink-fleshed, 77. 

Potash, as a crop limiter, 177. 

Potassium cyanide, for fumigation, 
449. 

PoweE, G. H., quoted, 363, 346. 


Precooling, value to citrus fruits, 
298 ; definition of, 297 ; com- 
parison "with icing, 297 ; amounts 
of ice required, 298. 

Precooling plants, 297. 

Prickly ash, 42. 

Privet, Japanese, affected by 
mottled-leaf, 376. 

Production, 114,25; in California, 
9. 

Profit and loss, 355. 

Propagation, 92 ; references to 
literature, 478. 

Propping trees, cost of, 361. 

Protective duties, tariff, 9. 

Protective League, 353. 

Pruning, as a prevention of brown- 
rot, 387 ; orange trees, 207 ; cost 
of, 359; done by associations, 
347; frosted trees, 217; time of, 
216 ; maxims of, 215 ; lemons, 
213 ; training nursery trees, 205 ; 
general considerations, objects 
of, 204; bibliography, 487. 

Prunings, disposition of, 217. 

Pruning tools, 225. 

Pruning wounds, 226. 

Pseudococcus citri, 421. 

Puddling roots, 155. 

Puffing, 329. 

Punctures, caused by stems, 278 ; 
box-nails, 279 ; thorns, 279, 

Purple scale, 414. 

Pythiacystis citrophthora, 365 ; 
causing fruit decay, 386. 

Quality, in tropical grown citrus 
fruits, 25. 

Quarantine, horticultural, 6. 

Quincunx planting, 148. 

Radiation, 234; checking of, 244; 
of electric orchard heaters, 251. 

Rag, importance in judging, 134. 

RaEroads, early shipments by raff* 

6 . 
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Rainfall, 26 ; as aifecting irrigation, 
ISS. 

Recipes, 341. 

Red blotch of lemon, described, 398- 

Red rot, see red blotch - 

Red scale, discussion of, 411 ; dis- 
tribution of, 404. 

Red spiders, discussion of, 423 . 

Reed, J. H.. 23. 

Refrigeration, cost of, 360. 

Reheading, mature trees, 220 ; 
young trees, 218. 

Re-icing, cost of, rate case con- 
cerning, 298. 

Relativ'e humidity of air, as affect- 
ing irrigation, 188. 

Relative size in fumigation dosage, 
451. 

Respiration, of oranges, 277. 

Reversion, 120. 

Rhizoctonia, 391. 

Right of diversion, 298. 

Rind, importance in judging, 133 ; 
variation in thickness of, 328. 

Ringing, 48. 

Rings of growth, 47. 

Ripening season. Northern Valley, 
31. 

Risso, 40. 

Rivers, Thomas, 70, 15. 

River’s Navel orange, 16. 

Riverade, first settled, 3 ; citrus 
fairs, 19, 5. 

Riverside Press and ffoHicuUurist^ 
quoted, 19. 

Roosevelt, President, 22. 

Root-rot, due to sclerotinia, 383 ; 
due to toadstools, 373. 

Roots, distribution in soil, effect 
cri shearing, 45 ; effect of hardpan 
on, 143 ; injured by exposure to 
air, 91 ; cut by plow, 156 ; of 
l^aon, susceptihle to foot-rot, 
372 ; affected by nematode, 454. 

R(K>t-stock, 151 ; trifoliata suitable 
for kumquats, 83 ; ixif oliata best 


for Unshiu, 79; cold resisting, 
155 ; proportion of different kinds 
planted, 84 ; Chinese lemon, 6. 

Root systems, references to litera- 
ture, 481. 

Rose beetle, 429. 

Rutaceae, 42. 

Saissetia hemisphierica, 420. 

Saissetia olese, 405. 

Sales, classification of, 344 ; divi- 
sion of Exchange, 350. 

Salesmen, of Exchange, 348. 

Salt River Valley, 23. 

San Gabriel Mission, site of first . 
orchard, 2. 

Santa Fe Railway, 5. 

Sap Currents, nature of, 47 ; rela- 
tion to tree parts, 47 . 

Satsuma orange, production of 
seeds in, 56; susceptibility to 
frost, 242. 

Saunders, William, 17. 

Savastano, 121. 

Saws, for pruning, 225. 

Scab, description of, 395. 

Scale insects, effect of climate on, 
404 ; exclusion of, 357 ; ridding 
seed-bed stock of, 90; red, 411 ; 
yellow, 414 ; black, 405; purple, 
414 ; brown, 418 ; gray, 410 
cottony cushion, 417 ; greedy, 
420 ; cxtricola, 419; hemispheri- 
cal, 420 ; oleander, 420. 

Scales, for judging, 132. 

Scaly-bark, 367 ; Florida type, 395. 

Scars, on fruit, «321. 

Schedules, fumigation dosage, 444r- 
447. 

Schizophyllum commune, 399. 

Scientific American, 48. 

Scions, references to literature, 478. 

Sclerotinia libertiniana, causing 
fruit decay, 382. 

Score-card, for citrus land, 139 ; 
for bearing groves, 363 ; for 
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oranges, 1S3 ; for leinons, 134 ; 
for pomelos, 136; for packed 
boxes, 137; for feature exhibits, 
138. 

Scratches, caused by shoes of 
pickers, 280; caused by finger- 
nails, 279; gravel, 279; thorns, 
279, 

Scutellista cyanea, 409. 

Season, of picking, 63. 

Seed-bed, planting, S4. 

Seed-bed stock, price, method of 
pulling, 88 ; trimming back when 
transplanting, 92. 

Seed, citrus, description of different 
kinds, 84 ; cost, 84 ; method of 
keeping, 86 ; number per bushel, 
86 . 

Seedlessness, importance of in 
pomelos, 77. 

Seedling trees, compared with 
budded trees, 65; S4. 

Seeds, presence of, in judging, 134, 
136 ; time of planting, 88 ; effect 
of freezing on germination, 86; 
first planted in California, 1. 

Seeds of citrus fruits, number of, 
61. ! 

Selected buds, importance of, 357. 

Selection of bud-wood, effect of 
poor bud-wood, 114. 

Selling, average cost of, 360. 

Separators, for frosted jfruit, 272. 

Setting of fruit, as affected by plow- 
ing, 166. 

Seville orange, susceptibility to 
frost, 242. 

Shaddock, description of, 81. 

Shading, of nursery plants, 38. 

Shamel, A. B., 124. 

Shears, for pruning, 225. 

Shields, for tillage implements, 170. 

Shipments, annual, in carloads, 9. 

Shipping, lemons, 312; first car 
shipped east, 3; nursery stock, 
103. 


Shorb, J. de Barth, 18. 

Shoulder spots, 323. 

Silver mite, discussion of, 424. 

Silverware, as premiums, 351. 

Site, for planting, 139. 

Six-spotted mite, 423. 

Size, importance in judging, 135. 

Sizing, lemons, 310 ; machines, 
292. 

Slitting bark, of young trees, 206. 

Slope, of land for irrigation, 201; 
best for planting, 150. 

Smith, C. O., cited, 401. 

Smith, R. E., quoted, 378. 

Smoke, from orchard heaters, 253- 

Smudge fuel, 250. 

Snowden, K, R., cited, 377. 

Sodium cyanide, for fumigation, 
449. 

Sodium sulfate, a waste product of 
fumigation, 439. 

Soft brown scale, discussion of, 418. 

Soil, nitrification and ammonifica- 
tion, 379; heavy soil may en- 
courage gum-disease, 365; most 
desirable, 357 ; samples, 196 ; 
inoculation, 183; tillage of, 165 ; 
alkali, 144 ; ideal for citrus, 144 ; 
for seed-bed, 87. 

Soil acidity, 144. 

Soil adaptations, 142. 

Soil analysis, 144. 

Soils, relation to mo tiled-leaf, 378; 
kinds as affecting method of irri- 
gation, 200 ; kinds not benefited 
by cover-crop, 183 ; humus con- 
tent, 179 ; analyses of, 175 ; cul- 
tivation and management, 170; 
for seed-bed stock, 91 ; northern 
coast division, 32 ; Interior 
Valley division, 31; Southern 
Coast division, 29 ; reference to 
literature, 481. 

Soil scars, on fruit, 323, 

Soil tsrpes, 142. 

Solanum nigrum, 404. 
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Sonora, citrus production in, 23. 

Sour clover, as cover-crop, 182. 

Sour-stock, as a root, 152. 

South Africa, 14 ; frost in, 25. 

Southern Pacific Railway, 5. 

Spain, frost in, 25. 

Special equipment, for packing- 
houses, 299. 

Speculation, encouraged by over- 
capitalization, 356. 

Speculators, 344. 

Sphseropsis tumefaciens, 401. 

Sphagnum, for packing bud-wood, 
94 ; for packing seed-bed stock, 
90. 

Splits, as blemishes, 326. 

Splitting of bark, effect of frost on, 
219. 

Spores, of fungi in wash water, 385. 

Spotting, of Navel oranges in tran- 
sit, 389. 

Spraying, coat of, 361. 

Spraying under trees, as prevention 
for brown-rot, 387. 

Square planting, 148. 

Squirrels, as pests, 458. 

Staking young trees, in orchard, 
218. 

Standard car, number of boxes in, 
295; arrangement of boxes in, 
295 ; air spaces in, 296. 

Standard grade, 292. 

Standpipes, for irrigation, 194. 

State Commission of Horticulture, 
influence on industry, 11 ; descrip- 
tion of, 106. 

State Fruit Growers’ Convention, 
109. 

Statute inch, 192. 

Stem, importance in judging, 133. 

Stem end rot, 394. 

Stem end spot, in California, 399 ; 
of oranges, 320. 

Stem punctures, 321, 278. 

Stenciling, of boxes, 293 ; impor- 
tance in judifing, 137. 


Stevens, H. E., cited, 392. 

Stock, see Root-stock, 152. 

Stocks, references to literature, 478. 

Storage, 306. 

Storing, references to literature, 
489. 

Strap, proper position of, 138. 

Straw, plowed under, a cause of 
mottled-leaf, 379. 

Structure of the fruit, morphologi- 
cal, 60. 

Strychnine, as poison for gophers, 
457. 

Subsoiling, 166. 

Subsoils, 143. 

Sucker growths, 208. 

Sucker-nests, 226. 

Suckers, effect of presence of, 209 ; 
not desirable for bud-wood, 95. 

Sucking insects, 405. 

Sugar, reduction of, during respira- 
tion, 287. 

Sugars, in citrus fruit, 63. 

Sulfur, remedy for red spider, 424. 

Sulfuric acid, for fumigation, 439. 

Sunburn, of bark, encourages schizo- 
phyllum, 400. 

Sunburn, of leaves, 368 ; of fruit, 
324. 

Sunburning, bark of pruned trees, 
219. 

“Sunkist” label, 292, 351. 

Sunlight, effect of over- illumina- 
tion, 38; as affecting irrigation, 
188. 

Sun protectors, 157. 

Supply cart, for fumigators, 438. 

Supply Department, of Exchange, 
350. 

Sweating, lemons, 305 ; oranges, 
282; of Valencia oranges, 282; 
references to literature, 489. 

Sweat room, description of, 289, 
305 ; construction of, 289 ; tem- 
perature of, 290 ; heating of, 290 ; 
arrangement of fruit in, 290. 



I ndex 


519 


Sweet orange, antiquity, introduc- 
tion into Europe, introduction 
into Brazil, 41. 

Swingle, W. T., 79. 

Swingle-Webber hybrids, varieties, 
Busk, 79; Willits, 79; Norton, 
79; Colman, 79; Savage, 79; 
Bustic, 79 ; Thornton, 80 ; Samp- 
son, 80 ; Weshart, 80 ; Trimble, 
80. 

Taber, G. L., cited, 155. 

Tait, C. E., quoted, 170. 

Tangelo, 79. 

Tangerines, picking, 3T2. 

Tanking newly planted trees, 158 . 
Tannin, treatment for fumigating 
tents, 435. 

Tar, for pruning wounds, 228. 
Tariff, references to literature, 490 ; 

protective duties, 9. 

Taxes, 357 ; and incidentals, cost 
of, 359. 

Teague, B. M., 77, 69. 
Temperature, effect on fumigation, 
448; of air, as affecting irriga- 
tion, 188. 

Tent fumigation, of citrus trees, 
435. 

Tents, for storing lemons, 308 ; 
cost of, 452 ; acid holes in, 438 ; 
equipment of, 437 ; methods of 
marking, 436 ; fumigation, 435. 
Teratological forms, 326, 120. 
Terraced planting, 150. 
Tetranychus mytilaspidis, 423. 
Tetranychus sexmaculatus, 423. 
Testnre, importance in judging, 
136. 

Thawing, of frozen fruit, 249. 
Thermal belts, 236. 

Thinning, of fruit, 323; advis- 
ability of, 282. 

Thomas, E. E., cited, 378, 449. 
Thomson, A. C., 68. 

Thor ns, 51. 


Thorn-stabs, 321. 

Thrips, discussion of, 425. 

Tibbet, Luther C., and wife, 17, IS. 
Tillage, 165. 

Tincture of orange fiowers, 3»18. 
Toadstool root-rot, 373. 

Toniocera californica, 419. 

Tools, for pruning, 225. 

Topography, as affecting frt>sts, 238. 
Top-working, 223, 92. 

Tortrix citrana, description of, 428. 
Tractors, far plowing, 168. 

TrafSc, division of Exchange. ^156. 
Training young trem, KM). 

Transit, time rwiuired for, dis- 
tance covered, 298. 

Transpiration, in fruit, 61. 

Trapping gophers, 456. 

Tree protectors, 157. 

Tree-ripes, 305; lemons, suscep- 
tible to black pit, 401. 

Trees, cost of, 359; number of, to 
the acre, 149. 

Triangular planting, 147. 

Trifoliata, susceptibility to fn»t, 
242 ; as a root-stoek, 15S. 
Trifoliate orange, rare in California, 
83. 

Tripeta ludens, 24; Quaruatene 
against, 109. 

Trunk rot, 399. 

Turipdity of rind, dangers from, 
278. 

Twdve-ipottM beetle, 4®). 

Twig bHght, 382. 

Twig-gumming, ^7. 

Tylenchulus semipenetrans, 44i. 
Types, of fruit, 123, 

Underwood-Simmons 9. 

University of CaUfomSa, 11. 

U. S. Department d AgffcttltiuWr 
citrus hybrids by, 79; 

infiuence on industry, 11. 

U. S. Supreme Court, m 

pre-cooling ewe, 
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Vaile, R. S., 455. 

Valencia orange, how pruned, 212 ; 
sweating of, 282 ; origin of and 
conditions best suited for, 70 ; 
pollination of, 55. 

Varieties, descriptions of, 65; bib- 
liography, 485. 

Vegetables, grown between trees, 
159. 

Ventilation, for stored lemons, 308. 

Verrucosis, 395. 

Vesicles, as affected by frost, 274 ; 
arrangement of, 60. 

Vetch, as host for cottony mold, 
383 ; common, as cover-crop, 
182; hairy, as cover-crop, 182. 

Vicia sativa, as cover-crop, 182. 

Vinegar, from oranges, 336. 

Wages, of lemon pickers, 317. 

Wagons, .304. 

Wallace, J. C., 16. 

Washington Navel orange, descrip- 
tion of, climatic and soil condi- 
tions best suited to, sporting 
habits, sub-varieties, 66; com- 
position of, 62 ; seedlings of, 59 ; 
production of seeds in, occur- 
rence of normal embryo sacs in, 
56-57 ; pollination of, 55 ; his- 
tory of introduction, first ex- 
hibited in California, 19 ; present 
location of two trees first brought 
to California, 23 ; sports of, 128 ; 
how pruned,- 207. 

Wash water, disinfection of, 291. 

Water, amount necessary for irri- 
^tion, 188 ; application to young 
trees, 158; disposition of waste, 
150, 144 ; loss of, from fruit, 61 ; 
average cost of, 361 ; methods 
of application, 198; time of 
application, 195 ; temperature 
of, 196 ; methods of distribution, 
193; lifting, for irrigation, 193; 
underground, laws in regard to, 


192; cost of, 193; sources of, 
192; measurement, 191. 

Watering seed-beds, 391. 

Water right, 142 ; cost of, 359. 

Water supply, importance of, 357 ; 
for irrigation, 141. 

Webber, H. J., 79. 

Weeds, as hosts for scale insects, 404. 

White, A. S., 19. 

White fly, quarantine against, 109. 

Whitewash, for pruning wounds, 
228 ; prevents sunburn of bark, 
219. 

Wind, as affecting frost, 233, 235; 
as affecting irrigation, 188 ; arti- 
ficial, as frost protection, 248; 
causing blemishes of fruit, 320; 
effect on fumigation, 448. 

Windbreaks, 37, 38. 

Windfalls, 324. 

Winds, effect on trees, 36. 

Wire baskets, 250. 

Wither-tip, description of, 380. 

Woglum, R. S., 433. 

Wolf & Massey, 393. 

Wolfskill, Louis, 17. 

Wolfskin, William, first commer- 
cial orchard, 2. 

Wood, structure, 46. 

Woodworth, C. W., 446 ; dosage 
table, 450. 

Workman, C. R., 74. 

Works, J. D., cited, 161. 

Wounds, dressings for, 226 ; heal- 
ing of, 49. 

Wrappers, redeemable for pre- 
miums, 351. 

Wrapping, value in judging, 138. 

Xanthoxylum americanum, 42. 

Yellow scale, discussion of, 414. 

Yellow spotting of oranges, 398. 

Yields, 127, 129, 359; lemon and 
orange compared, 191; average 
obtained, 362. 

Yuma, citrus planting at, 23. 
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